ISSN 1229-8565 (print) ISSN 2287-5190 (on-line)
to A L= PR Pk B X B 27(4): 817~829, 2016
Korean ] Community Living Sci 27(4): 817~829, 2016
http://dx.doi.org/10.7856/kjcls.2016.27.4.817

A 7P 95 WA dE FAof |2l 9
2ez-da g
() theatol e 7] adTa
ST oazejoe

Effect of Lotus Root (Welumbo nucifera) on the Quality of

Beef Hamburger Patties

Eunkyung Mo - Hyeyoung Kim ')
Research and Development Center, DBIO Inc, Daejeon, Korea
Dept. of Culinary Arts, Woosong University, Daejeon, Korea®

ABSTRACT

In order to develop functional hamburger steak patties, various concentrations of lotus root
(Nelumbo nucifera) were incorporated into them. The quality characteristics of the hamburger
patties prepared after the addition of 5, 10, 15, 20 or 25% (w/w) lotus root were investigated.
The moisture contents of the groups with lotus root were significantly higher than that of the
control group. The crude fat and crude protein contents of the control group were higher than
those of the other groups. No significant difference in the crude ash content was observed among
the groups. The cooking loss rate, rate of reduction in diameter, and reduction in thickness of
the groups with lotus root were significantly lower than those of the control group. Accroding
to the results, lotus root inhibit cooking loss and help to keep moisture after cooking process.
No significant difference in the L value was observed among the groups. The a and b values of
the groups with lotus root were significantly decreased compared to those of the control group.
No significant difference in hardness was observed among the groups. it suggest lotus root didn't
affect the texture of hamburger patties. In the quantitative descriptive analysis, no significant
difference in the color and fresh odor was observed among the groups. The groups with lotus
root were softer than the control group. The groups with 10 to 25 % of lotus root showed higher
juiciness and a sweeter taste than the control group. The preference of appearance, texture, flavor
and overall acceptability of the groups with 10 to 25% lotus root were higher than those of the
other groups, including the control group. In conclusion, lotus root can increase the acceptability
of hamburger patties and 10-25% would appear to be the proper amount of it to use.
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FAP| &3 AL (WVelumbo mucifera Gaertn)
2 &E AA wolzt HYol&r]E Z=thHYoon

2009). Qo= AE, s, et s s,

SIS S8 Holmels 484 e Ao
LA dkLee et al, 2000). B8 o] AHon
velol e Be A 249 dZE olalstel
S99 8 Aol Aol £8-& F, o] 217
& wEslel, g2 Fakel 49l A, eld 2
Eg2E g3 FIt= Bal(Won et al. 2004; Yoon
et al, 2009; Hong et al, 2013)7} Ut} o2 HE A
& Aok &2 tol ol Hgtl Yol AN,
Fozi e, Yozt SedaE wEo] &8
AT, PUL W AU 2L 08T £ 9

SEHKim et al. 2002),

olela g ole Od?:?_% dnpre W
2 (Kim et al, 2002), AEES H7F8E FH(Park
et al, 2010a), ILE 25 (Bae et al, 2008a), A
5 A1k WA (Park et al, 2010b), HAFEL-S
718t H4(Bae 2008b), AME W7t HEE
(Park & Kim 2010), =7+# 27} t}F2](Yoon et al,
2009) ToE AL 7R FOF o] gsklon A
ATE o83 A= mEE Holt

AFe] tiiE SiAEFEQ] 7= W Alolof] oL
712 BE HElE Qo] 3 Wi ooz Aok “H]
A3 A Aol He HusE AR 7
RS 20~30% AT F7IE ARE3}(Choi 2013)
FHe Bk FrE AT 2 ol2g

| dFe] S7HE ohdet xs)
bt FElzElEe] SR Qlsf Blwh, st
Y, T98sts Tt IES ST

2 4 JtK(Chin 2000). o]t el = 3

WA FElel thekgt 7158 LA 371k 21471
S AT =80 o]Fojxlom I o=
7 gl gAmkE Hrkste] xS ARl
A E @A = WsE A3 ol Hrt
= (Kim 2013)3} dl2iks H7kste] 4kst 244S
Z7H17) A e T (Lee 2014), A S0 S
H7rete] arleidS PAIR WA FE|(Cha &
Lee 2013), 33 #71% ANAE F7iete] 7Lt
A A @8] A 9fE](Chung et al, 2008), 7= Ut}
Almp 2t vgto 2 thAste] Alzg WA oiE
(Oh & Lim 2011), I EEE Hrlste] ExspAy
A REE STHIA TIsES ke WA e
(Hong 2011)¢} T35 #7138t 1A SE](Choi
& Kim 2014), A& tiAlst7] S8 Anks o83t
AW A FE](Lee 2015) T2 A7V} 2P = At
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A SE] A= ¥]&-E Table 13 2o Lee
& Park (2000)¢] AxHE S-&3fo] Azt A
Holl AR A2 AT F ofed A 5 £
E AAsIL BAL YA 1 em o522 thA |
417](R301, Robot coupe R301, MS, USA)ol 3033t
o] ARSI, Aol ARE S-Se Xk 2]
Z21% AAst]  w87)(M-12S, Meat  chopper,
Fujeekorea, Kyungki, Korea)E AR&-3}e] 23] vl
sto] ARSIt Ws A s AEAE ¥
AelA el - Aol ARg-sksict. sHEle] Al
L Aur] B8 £ o9 o, 5, 10, 15, 20, 25%2]
nkfEk AZE Hrlete] 9 40 g, A4 6.5 em, F
Al 1 em®] 7|2 ¥k BE e 4E 4
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Table 1. Ratio of Ingredients
(@

Lotus root (%)
0 5 10 15 20 25
Beef 99.5 945 895 845 795 745
Salt 0.5 0.5 0.5 0.5 0.5 0.5
Lotus root 0 5 10 15 20 25

i

[l

Pt 2% A MEQl FHO| DIXl= Jg 819

4. pH &8

7] siele] pHe 2 siE 10 g Fste] S5
I 90mLE A7F3sled A1 7](HMF-1000, Hanil, Seoul,
Korea)2 3027t vlfdl & pH-meter(Delta 350,
Mettler Toledo, Schwerzenbach, Switzerland) 2 =
ettt S ke § B} 2edxE o
ERJYTHOh & Lim 2011).

2 Z7aa 1902 g€
Tg 31533 UM F (72
20%) Aol AR W & oAl 1A, A B
AL Sk ol8 34 A, F goe=iy Akt
stlom A AR S, A8 A=
Vernier Calipers(530-Analog type, Mitutoyo, Kawasaki,
Japan)& o|-gste] AS3tdt. 242t 53] whE =4
ste] 2 Fgdt BEEAE eI

LS (%) =
NAANEFE - ADFANRTF
NEANE T F
A7 s (%) =
NAANE AN - ADF AR A
HEERFEE: 100
A 2 (%) =
71 A Al &8 = I R i\ ==
FIANR A - AL FAREA

6. Mz &%

AT AhEFE Defste] Az WAL Mms
AZFAI(CMS, Konica Minolta, Tokyo, Japan)Z ©]-&
3] WE(L-value), ZA% (a-value), ST (b-value)
2 24190k olul AMESE HEAL 13t 93.5, agk
-0.19 , bgk —0.07 o]t} Ztz} 73] wkE =45}
3 B FEAAE YeRiIc)

2 o o
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Z217H& Texture analyzer(TA-XTII, Stable Micro
Systems, Surrey, England)E ©]83}e] 73] vkE =4
ek, 274 6.5 em, E0] 1.0 emZ A2 AIEE
28] d&Hoz HJAAS W oA force time
7% (Hardness), F-2d(Adhesiveness),

$%A(Cohesiveness), 7343

curve ZHE]
B A(Springness),
(Gumminess), 8A(Chewiness)® 22 TPA(Texture
profile analysis) parameterE Z43}ch &4 &7
2 pre test speed; 1.0 mm/sec, test speed; 1.0
mmy/sec, post test speed; 1.0 mm/sec, Distance; 6
mm, trigger force; 10 g, probe diameter; 75 mm ©]

ATHKim 2012).

8. HsHUA
1) 84 AR
A2 FHriste] Alzgh A AEle] e B
AR AR AP 75 dis) & %l
WEE AR st SR 209S tideR A
Aol Alse ARelM 1ARE St gy &
X1x1 em A7) 2 2} 24 o XMOﬂ ot Al st
L, zF Azl i3t AE
8o F7jskaldt. & 7iel Al 7 }1? o2zt
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am
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oy l‘f
[o%

=

(juiciness), 21418+ S(fresh odor), THl(sweet

taste) © 2 BFFIL, o|#3t EAEL 9F & e

& olgate] 9how A4E E4e] Bwv} AAE
Aoz shairh
2) N1EE @A

Az Wstel Azs WA Aele] 7|5
Ahe EREA e e 3598 o= A
AR, A2 FHISH BrbPEe HE BN
SR WHOE IS, 3 40l 98

£ 9| (appearance), d7H(texture), S5 (uicy), I

v](flavor),
a1, 97 & AT o83l 9Fo T AFE
Nesoh ZoheRe Ao B9k

AAA 7]Z % (overall acceptability) 2 &}

9. S 2| UY

B Y Aol i3k dlole] #42 SpSs 12.0
program(Statistics Package for the Social Science,
Ver, 12.0 for Window)& o]-g3}o] Ht} FFHAF

Z JeQ A, Hgkol thak vjalE ANOVA test
T tH Y74 (Duncan’s multiple test)oll ¢J3] z}
ABzte] ol p0.05 SN skt
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1-4

23 9 3%

A HhEE gElete] Alzg A
S FM% A= Table 29} 29kt
WA SR 54.14~63.17 T
< H7WEIA ¢k diEtel Bjs) it
St wel FEske]l feojHom FURRIS
(p€0.001) oA H7HEol of&f R AFe] SVt
g AvR= vk ARk A iE(Lee 2015)9F
ApAZen] J71 W 7A(Cha & Lee 2013)0lx4 7}
Eol| o} HEdkeo] Tk AES Bl Adel
ARSI ol2dt A= 47 AR 9%E A
o= tAate] Aoldfavt HrEY Rl
3713t WlE o 2 AlEHEcHCha & Lee 2013). §73
Vs Ao R diAIFh wat tizatel nls] 24|
WSk 2l geke fojFos 7hAslole

;zr&

[e] rLI
“—Enﬁ"mﬁ

N g T %
o ox

N
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&
O o
_EL

A&J i} & HO]X )= Aol A ATe
g B AHE AFEE o] 87.59%, 2
wWzlo] 0,29%, ZAHo] 0.05%, F3]H-0] 0.36%E

BuEdch B2E AR adel 60~80% <
e = v 2 FEYEFS Hole Aes HuEg]
ThHan & Koo 1993), o|&st 272 & uj, oI =}
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Table 2. Proximate compositions of beef hamburgers with different ratios of lotus root

Lotus root (%)

Sample F-value
0 5 10 15 20 25
Moisture  54.14 + 0.25"¢ 5880 + 0.25° 60.00 + 0.39™ 60.76 + 1.46° 62.84 + 1.18 63.17 + 0.59° 62.78"""?
Crude fat 1565 £ 0.72°? 12.80 + 0.29" 11.80 + 0.36° 11.08 + 0.84° 10.17 + 0.38¢ 9.33 + 0.28° 78.04™""
sgﬁfn 2731 + 130° 2444 + 051° 23.60 = 0.63° 2240 + 0.56° 2079 + 0.47¢ 1938 + 558 6543
Crude ash 0.75 + 0.05 074 £ 004 078 + 004 078 + 0.07 075 £ 0.04 072 + 0.03  1.32V%
U Means * SD, n=4
2 The means with the same letter are not significantly different by the Duncan’s multiple range test
¥ Significant at ~p<0.001
Y N.S.: Not significant
A2 & FEshFo] A A WA =& 51 HRlth= B35 E wf(Lomiwes et al. 2014) 71=
gl 3RS mR Aoz AlE ) o &gt =& pHe &5 3t 2SS Foste] 7|5
ol L2 JFE 1A Aoz Alsdrt
2. pH
ATe Wstel Azd WA dele] pHEH e

A= Table 37 2kt AA2e] pH= 6.310]%0
e whall, s Hrkete] Alzg M el
pHE A5 74 27 53608 A 5~15%
e 2T foHQl ApolE HolA] fe
A 2008} 25% H7ES T T B 546082
tizol H3) fo]Hos & pHE Bt o]

3
ALE Arreke] Alxg A el 7haza

& A AFE Table 491 2t 719 ES A
< 5% A7 2w vlaEkeks A9 folFel
Zpo| & HolA| ekghrh AT 10% oY H e o
Zrol| vlEl foldom vhe haags Bt

3t A= A9 =& pHY} HHdE uEo 2 AlR A4 g 2T 7 =2 A das
€}, o]MH HrE=ol o3 pHE S7HE Allle A S Bolow, I sw ke diEad 949l
771 A AKim 2014) 014 pHZF =& 7=l 2ol HolA] ghofoLt, 10% o] H7b-2 2T
o3| AFe pHl S7HE Ao} dAEHIY. S5 o vl3] FojHog vhe AAASS Bt A
o] pHE 2§29 4 & A, B4 Ax 2% 5~15% 7S 1 FoA8Ql 2ol HolA| sk
g S, 227 SOl ket 43S IAH(Choi & o, 25% H7hrE FrojHo g izt vlg) we
Kim 2014), %2 pHe| &77} B} Hegy 27 AR ES HITHP(0.01).

Table 3. pH of the beef hamburger patties with different ratios of lotus root

Lotus root (%)
F-value
0 5 10 15 20 25
536 + 0.35%¢ 540 + 0.69" 539 + 0.21°* 541 + 0.01®® 546 + 0.17*° 546 + 0.03* 19323

D Means + SD, n=3

? The means with the same letter are not significantly different by the Duncan’s multiple range test

¥ Significant at ~ p<0.001
“ N.S.: Not significant
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AR S-S tiwo] 7P =8kt A A7k
< FARIAEEC] izl Bl dAE] HUewH

(p<0.001), 3 FoJAQ] zfol= HolA] giglet,
el dHE] 3 F F2 A FEo] 85
Asl=dl(Berry & Leddy 1989),
flob e A= A2 ARdel o3 77 B
o] F7kete] ATFE STl wet 7ttt Agel
HaE AR AlmE, o E2RE Hke A
A €] (Jeon et al, 1999)9} ThAr} 2 7} SfjE]
(Kim 2012)04 H7HE S7kell o8 71gd7tago]

ot vk 20 F e 27k Adel A

o whe, S1ge] e tixwe] ASels 71

% ARl ol faun Tteldigol 19 2

o= AbgER A4 AekEzt WA el A
ge

S Arkete] Alzgk WA sfgolx 7hd v =
F a3 2o S-S Hel Al dxjEe
Az} & 4 JAtHLee 2015). dukdo = HE 9
7t ago] A2 e 7|34 o] AtEe Ao
2 47 glerg, 9o} e A= WA HE
AlFE AZA Al A S, F4 S9, 7548 &
HollM 78421 3= v Ao 2 7| Hck(Berry
& Leddy 1989; Lee et al. 2003).

i)

Ul

1o

8,

A7Veg delate] Azt A JEE &
gt A= Table 59} 2t} A<wh wlafste] A
7é6¥ Ay} 1ghe 72,88, aFke 1.38, bk
, 9 F71e AW e HEE
L3S tZ=o] 46,68 oo A H7}
T2 47.10~48.01 X5 Ho}; gz §94
3l Zpolg HolA| oo} A VIR Igh HE el |
Et&ﬁ% %i% Ao %%EJ‘”E} oA 7ol

A, A7 =5 el

el e o) ke sl LA Cho
ot al. 2012, S, FoluA FBE W B &
o) W WEh ¢ Asehs fAtgoL g
of} EawAl Bk Ak B9 Sae Wt 3
7Vt Amoh =g ol thKim 2013). ArhE
%7}8} ?HBM el st 9sle Sk
e) Astshi olahsickLee 2015). ofefek
2 h) 7 el et goﬂ 24

W= aghe tizTo] 5.242 713
LA BF izl Blsl foFHe

HIoHp(0.001). o)A H 37120l ¢
d A= solHAl, e, 3L

Table 4. Cooking loss rate and reduction rate in diameter and thickness of the beef hamburger

patties with lotus root

(%)
Lotus root (%)
Sample F-value
0 5 10 20 25

Cooking g 76 1 0827 8.75 + 0.83 729 + 039> 7.18 + 0.43™ 632 + 0.6 1925
loss rate
Reduction
rate 1.22 £+ 0.08? 1.18 + 0.11%* 1.08 + 0.13* 1.06 + 0.13% 092 + 0.11¢ 423"
in diameter
Redict
Reduction ) ¢ 1 0.04* 0.08 = 0.08° 0.06 + 0.05> 0.08 + 005" 0.04 + 005 9.60
in thickness

D Means + SD, n=5

2 The means with the same letter are not significantly different by the Duncan’s multiple range test

¥ Significant at ~ p<0.001, *" p<0.01
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Table 5. Color parameters of the beef hamburger patties with different ratios of lotus root

Lotus root (%)
Sample F-value
10 15 20 25
L 4668 + 1.42Y 47.10 + 1.85 47.19 + 1.01 4801 + 126 4704 + 1.63 4744 + 0.79 0.74N53
a 524 + 0352 463 + 039 4.62 + 022 445 + 0.17° 443 +£ 029 451 £ 0.10° 8.67
b 1313 + 048 1226 + 075 11.99 + 0.54* 11.16 + 0.41¢ 11.55 + 0.61¢ 11.68 + 0.39*¢ 11,13
Y Means + SD, n=7
2 The means with the same letter are not significantly different by the Duncan’s multiple range test
9 N.S.: Not significant
# Significant at ~ p<0.001

W

+
+

I+

WA 2T 7] agko] ZHAgh AFel(Kim 2013), o} AxEPL}. 1L, SolmAlRE Hr1A] FAs
ATELH7E =5 EolM bl o8l agke] 7+ 7} S7he At} oA A7 FLE e
2% Ao} FUsTHChoi et al. 2012), o]2IgF £ B3l Adeh= Adolshlont, mamial B 37t
WH3k= A7k & S7b w52 s g A Al G s 1l Avkels UX3HITHKIm
Fheo] A whro g Als ¥t 2013). =5 SA o] Wsl= A 9 <4 5 pH, &

FATE YeRll= bk tiZire] 13,1302 7} T, Ao atsl, vjAEe] 4 T vhket 8919 o
T =2 g vElen, A2 Hrtdl g iz SRS W= Aoz WEQY O W (Mancini & Hunt
Ho} fojdoz vre e g Brh(p(0.001). ©] 2005) o|A® A7k 7kl ofsf agkd} bgko] st
A A H7bell o3 FAamrt 7haE A A2 H o= A7 afre Mef gk wdhE A
S H71E I5(Bae 2008b), GAEIME 7L b Zo =2 AlmErt

(Yoon et al. 2009)8] H7}= od fad I

Table 6. Texture profile analysis parameter of the beef hamburger patties with different ratios of

lotus root
Lotus root (%)
Sample F-value
0 5 10 15 20 25
Hardness b NS4
emd D621 F6B61 3234 168102 M6AT3 £ 67771 236635 £ 65433 36937 £ 11609 51011 £ 12442 106
Adhesiveness
© S48+ 103 -15+ 080 -15+ 136 134+ 101  -24+ 131 291+ 244 097
?};r)mgness 081+ 0047 08+ 00F 081+ 005 083+ 002 079+ 002 079+ 005 333"
0,
(C;? CIWENSS 078+ 0010 077+ 003 074+ 002 075+ 00¥ 071+ 004 071+ 005 507
0,
(Gl;mmme“ 218043 + 526,68 2612.32 + 1244.45 255307 + 41746 176462 + 4544 254622+ T1604 243217+ 71072 095V
g
Chewiness

® 1759.44 + 44938 226603 + 1133.67 2075 + 348,61 1460.96 + 37604 2010.86 + 57851 192689 + 60883  0.95"*

U Means + SD, n=7

? The means with the same letter are not significantly different by the Duncan’s multiple range test
¥ N.S.: Not significant

¥ Significant at =~ p<0.05, * p<0.001
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= '\E:!-‘ o
o) ZHre BN A3k Table 63} 29I 27

(hardness), &d(adhesiveness), B4

N

N
flo
oy,
b

(springiness), -2-14d(cohesiveness), 73Ad(gumminess),
A (chewiness)S Z7g3F3itt.

7d%(Hardness)elx] tht2 2816.218 YHEFH
ok A2 Arkre] AEE 2366.35~3639.37 g/em!’
Atol2 iz 223 2folE HolA| §3itt. o]
23k A= Hrbeell o8 At SR TR
7} WA HE)(Choi & Kim 2014)9k= UIZ2E 9|
2o}, #3477 SE|(Choi 2013), 2}
A Zepa] 317E WA HE](Cha & Lee 2013)4#
BAARE A7 A5 iz AR Aes B9
9 Al AR

SAIFES 22H 542 AFY A, 7R,
AuFo Jejet H7HEe] 7 Foll ulet v dF
< =T ST Lunt & Davis 1991; Song et al.
2000). B3k AHFo] A, 3343, AR el 3k
& Frh= Bk tH(Young et al, 1991), %5
Aol 848 AR oA Aow 0
Aok, & Adoxe Hrbael osf Al &7

o] zhashe] Aol RAHA, A2

2 (Adhesiveness)S hZETo] —1.482 A
WK frol 12 Hol molA] sk}

A (Springiness)-2 20| 0.81%°]Q oL}
A 5% ol WHETE AR AfolE EolA|
o3kt

S-ZA(cohesiveness) & ZT-S 0.78%0]aL, <
= 5%, 10%, 15% A7R-e iz §-9)7¢] xjo]
£ Holx| gkgkont, 20%¢} 25% 7t ool
Hgl fro]do R wo £ BAATHP0.001). o]A

Y Wl o) $4de] Z7he Ak Al

v 27} W7 HE)(Cha & Lee 2013)9F Anp37}
A el (Lee 2015)2] Aol HrHEo| o5 &
o] S7ha Aol Akt olefgh Aik= A
7Hge| ofsf Eshero] wshd whito g Als )
A2 (gumminess)2 t]z=to] 2180.43 g oIS
ATHTFEL 1764.62~2612.32 g2 227} 5014
Ql ApolE Holx| 2gkar, A7 d(chewiness) A
thz7o] 1759.44 g 0|2, ITLH7L 1460.96~
2266.03 g 02 thx77 #2123l 2o]E Holx| ¢k
Ak A7 WA e (Lee 2015)9 Seh] 3
7} #JEJ(Cha & Lee 2013)l4] W3] Z7He A}
o= Afolg Halom o= 7 A/HEES AR
F 2 AE B 22 EA0IAM 7IlskE Aom

Az,

6. s At

D A3 A B4

A HrhES 2Elste] Alzg WA sfEle] A
2k4 GA} 24 Zab= Table 73 29kttt A4 B
A} #2448 A(color), $98F Z7H(tenderness), 53}
Fjuiciness), 21218+ 3K(fresh odor), T3H(sweet taste)
o

s),
249 gdES o JriRAE o) gdle =

I~

ekt olefg Ayl VA1 A A st
o7} gld Aol dX|eh= A=A Aol {4
Fo] A5 W s nAA 2 wEoR Alm
e}, ol2fdk A= =S skl Alxg 3
71 SEl(Lee 2008)9] Ao}t FAFsISITE.

oI5t A7 H(tenderness)-& ZTo| 6.750 2 714
A Aow YehgoH, I s H7kEe 5,508
2 izl vlsl ozt Feele Ao yehston,
AT 10~15% HA7hre diztel vjs) fojdoz F
e ASE YERITHP(0.001). oA A 7t
ol &J3) Zzte] AasfiAl= 5492 AL 371 SfE

(Kim 2014014 T8 a3 Asfe} Qe A,
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Table 7. Quantitative descriptive analysis scores of the beef hamburger patties with different ratios

of lotus root

Lotus root (%)

Sample F-value

0 5 10 15 20 25
Color" 505 + 1.399 570 + 2.00 490 + 2.34 495 + 233 580 + 1.88 565 + 1.90 0.86%
Tenderness? 6.75 + 1.487 550 + 2.65° 3.75 + 1.68° 410 + 1.74° 355 + 1.90° 3.10 + 2.02° 11.53""™

Juiciness?  3.85
Fresh odor® 5.20

I+

1.69°  4.05
1.94 430

I+
+ -+

+

1.54% 585 + 1.84°
1.95 535 + 1.81

500 + 1.52* 585 + 1.69° 6.10 + 2.00° 647"
490 £ 162 565 + 1.66 530 £ 1.69  1.38N%

Sweet taste” 3.55 + 1.76° 4.00 + 1.69 490 + 1.89" 4.55 + 1.99° 560 + 2.14° 560 + 2.19° 3.68"

Y Color @ 1

2 Tenderness :

light brown < 9 dark brown
1 tenter < 9 tough

% Juiciness : 1 dry < 9 juicy

» Fresh oder :
3 Sweet taste © 1 weak < 9 strong
9 Means + SD, n=20

1 weak < 9 strong

? The means with the same letter are not significantly different by the Duncan’s multiple range test

¥ N.S.: Not significant

% Significant at " p<0.001, " p<0.01
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71gt Z9-(Kim 2013) T%
folaoict. 117]9] <t éz.&% 2]
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==
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S £ F Jon(Kim 2013), B ¢ollA
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Fig. 1. QDA graph of the beef hamburger patties
with different ratios of lotus root.

lolor) AT 10~15%H7FES 5.00~6,10 BXZ
Zol| v3)] frelFoZ =th(p(0.001). o9} 2
A= o S AR 2o A7
o] T2 FEFIRS Wl Ao} UX3l= AFot

&O

Mo =
P

AA8E gK(fresh odor)-& thZEo] 5.20 o],
ATLHINTELS 4.30~5.652 T frolZel zlo)
E HolR] &olth, o]E oA 189 o] o3| 1]

aEloh e A9 2 o] mllat wEo e Al
), =3l 7FgE A /9] SFo| iR 3Lk
o2 Al o2fdt Adle A vt E
ZH(Park et al. 2005)3} AZEL H7} FH(Park et
al. 2010a)0llX AZHA7} STkl A} Aot
Fout, o= b d2e] et 2ol opd A

AR AHgT BEoR AR

ik (Sweet taste)2 T ZTo] 3.550]%]01, A
5% 7S 4.00019 0 - fo]H el Afo
£ Holx| Atk 10% H7lES 4,900 2 Tl
Hgl frojd o =ekomn, 15% 7l 4.55%
z73) foldel Aols molx| eigkort, 20vsh
25% HA7RE 22} 5,600 % T} 5% A7kl
vl frof2 o gdtt olAH o] Al L
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o] ek ke STt olsl S7keklen, %
A B 7|5 F2 9T v Aoz Ve
2) 715 % A}

A2 H7FEE gelste] Alzg WA sfEe] 7]
GRS A= Table 83} Qgh:}_ NEE ZAR=
2]# (appearance), S (uicy), 3|

ZAF
A7 (texture),
(flavor), A2 7]|Z % (overall acceptability)®] 57}
st

2] (appearance)-2 0] 5.800]%10H, A
7R 5.60~60.200 2 27 {922l zlolE

A g

ol eglet, oleldh Ak oA ZAkel Aol o)
o A sk Aol SISt sk et
= Astglov), FF AF AP A2 A7k A
Fo) Aol vl S welshA] ol @ Aow
NEES

A7 Htexture)& tFo] 42002 7P Wgto
™, 5% ALHIREE 4.6002 iz F242]
zlolE HolA] eForort, 10%~25% HA7hre zkzt
0.50~6.900 & thzol Hjsf feojHoR Efont
23F o] Fel Aol HolA] ekkth(p(0.001). o)A
H ke 3 Sl wet A3 V|swrt Skt
Axp= ArpAzt A A sie)e] AHlee 2015)9F A

Table 8. Preference test scores of the beef hamburger patties with different ratios

47 -5(Kim 2014)2] Ao} FAFSFS uq

SR ke ol A A7k Al v <

21 =

e A Tses
al, 2002)% w] &5 37| i) 7hgel 34#l 2
2 ke

S5 (uicy) tlzwo] 3.659.01, I 5% M7t
T2 41002 w223l 2fol= Hol#| ¢
itk A 10% H7REE 6159001, 15%~25%=
¥z} 6.00, 6.10, 6.3022 tjZol| vj3] foldo=z
{5 71552 BtH(p(0.001), o]& A &
ﬁ‘%%hﬁl =7 vehd 259] 7|swrt Sk A

= AR S §50] Z1sedd A 4
VJ 7o 2 Algdth o]xY HrHEe 23
S5l gk 7lswrt 71 Atele AR 37t
$-5(Kim 2014)3} FolMAl H7F 2-8(Kim 2013)°]
A golE 4= glglo, &80 FES itk 5
e 27e] Rl Jrst v JF3Fs £
= HIl(Naveena et al. 2004)9} Zro] obA F-B3}hak

Hir

rlo

=

)

HU

(
(o3
o

o=

of lotus root

1

Lotus root (%)

Sample Control F-value
5 10 15 20 25

Appearance  5.80 + 1.44Y 620 + 1.54 6.00 + 1.72 5.65 + 2.03 5.65 + 1.63 560 + 1.93  0.86%%

Texture 420 + 1.99" 4.60 + 2.01° 6.75 + 1.29° 6.50 + 1.47% 6.65 + 1.35 690 + 1.65° 10.58""®

Juicy 3.65 £ 1.90° 410 + 1.83° 6.15 + 1.60* 6.00 + 1.59° 6.10 + 1.59* 6.30 + 1.69° 9.61°""

Flavor 520 £ 1.79% 460 + 1.85° 6.00 + 1.75* 5.45 + 1.88® 6.05 + 1.90° 6.25 + 1.45 249"

Overall 415 + 208" 470 + 1.95° 6.80 + 1.47* 6.10 + 148 660 + 1.73% 7.00 + 1.56*° 9.44™"

acceptability?

D Non added lotus root
2 Acceptability: 1 bad < 9 good
¥ Means + SD, n=35

? The means with the same letter are not significantly different by the Duncan’s multiple range test

¥ N.S.: Not significant

© Significant at ~ p<0.001, ~"p<0.01
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