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

Beef Hamburger Patties
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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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ZA& AAS ] 7H57](M—12S, Meat chopper,
Fujeekorea, Kyungki, Korea)Z AF&-3lo] 23] w3
slo] ARgSlT) W AdE 952 ARHd W
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Table 1. Ratio of Ingredients
(g

Lotus root (%)
0 5 10 15 20 25
Beef 99.5 945 895 845 795 745
Salt 05 05 05 05 05 05
Lotus root 0 5 10 15 20 25

2 /Pt = dHA DHE|IQ| EHO| OXl= S& 819
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ZA7F- Texture analyzer( TA—XT1I, Stable Micro
Systems, Surrey, England)& ©]-83}e] 73] W 54
S}t A 6.5 cm, 0] 1.0 cm®z AXE Al
23] AHH o= AAAFE uf HoARE force time
curveZF-E 7% (Hardness), -2 (Adhesiveness),
2943 (Springness), -5-343(Cohesiveness), 734
(Gumminess), A4314d(Chewiness) ¥ 22 TPA(Texture
profile analysis) parameterS ZA43519th =4 %4
L pre test speed; 1.0 mm/sec, test speed; 1.0
mmy/sec, post test speed; 1.0 mmy/sec, Distance; 6
mm, trigger force; 10 g, probe diameter; 75 mm ©]
ATHKim 2012).

8. &sTAL

1) AFA HARRA

S H7lelo] Alxgt WA diEe] 4F4 B
AREA AR AARTH I 715l s FHEs
WEE A Sk SR 20 o=
AlBFATE AlEE Aol A 1AE S Y &
DX1x1 em 7] e} 24 Fo) FiAlel] Hol Algst
Qa1 7 Alsel gig HAS 2] 98 GRE ol
gato] 718lel) g 7o Al 7 5 o] d 3t
o 55 A $18) s WAl T - vheA] |
QS A F o W7EE sk slqlt) v
E739] &2 A(color), AgF A7 Htenderness), 5
3 uiciness), 2141gF H(fresh odor), T sweet
taste) 02 3131, o|2]d EAEL 97 I H
< olgste] 9 om s B vt A=
Ao 3}

dy

o i

7

2) A5 F4

Qe Hhsled Az A o] 75 7
AR FsA) 9 vhd Hleb 3RS thgos 2
ASIglomM, AR FHIs BrPRe A BAR

Ml e o AAS) T Se) 8

£ 2]¥H(appearance), A7 (texture), S5 (uicy), F

1] (flavor), FA1% 71 &% (overall acceptability) = 3}
931, 94 B AL WS o] 83l 9o Z A=

Ao 3t

9.8

A% Al tigk dlol] #2412 SPSS 12.0
program(Statistics Package for the Social Science,
Ver. 12.0 for Window)& el-8-8lo] ¥} F=02}
£ VAL, Bkl tiek vl = ANOVA test
T =173 (Duncan’s multiple test)ol] 2J3l z+

A7 foAS p<0.05 SF=oll A A ST

—

. 23 9 33

ol

I o
0%
A
1z

1. & =

A ZJslo] Alxgh AL AV
B8 B493% Avk= Table 29F 294t} 371 &
HA 2] SEEFRES 54.14~6317 S520]9lom, A
& A7FeA] ek izl vis) Avie] St
Gholl wheh s ghee] el o w Sl o
(p<0.001) o7 H7h=ell oJal F=Eu-f=e] 57F
gk A= Ak A7 7 3] (Lee 2015)%F
ApEE] 271 A (Cha & Lee 2013)914 %7}
Eol| ofa midhdo] S7lehs Ads HRl Avet
FrARISICE olefgh Avk= &7 Almo] dFE A
o= thAlste] Aoldfrart M7k tEfs0]
71t wlio 2 S TtHCha & Lee 2013). S573
7FES Ao R tiAGlel whet dizsrel] Hsl 24
WS 2o SRR frolHo®m IRAeglo
H(p<0.001), °]i= 4]ar7] FHko] Ay miz o=
AlEIT 28]t SRS ATl wheh w7k
oAl ato] & HolA| eFdrt. Ef ArellA] Ao

AR B A AR G30] 87.59%, Ftt
WA o] 0.29%, ZAo] 0.05%, Z3]20] 0.36%=
Haw e} Bg Ao it ghde] 60~80% 21
e B H& RIS Hol= 3lo® HarHg]

CHHan & Koo 1993). olelgt AxfE & ), It %}

e
N

e

o=

iy

r

L



o2 FPE = YA WEQ SO OXl= FF 821

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 + 146" 62.84 + 1.18" 63.17 £ 0.59" 62.78""

Crude fat 15.65 + 0.72°? 12.80 + 0.29° 11.80 + 0.36° 11.08 + 0.84° 10.17 + 0.38Y 9.33 + 0.28° 78.04""

;r;‘iien 2731 + 130 2444 + 0.51° 23.60 + 0.63° 2240 + 0.56° 20.79 + 0.47¢ 19.38 + 558 65.43"""

Crude ash 0.75 + 0.05 074 + 0.04 078 £ 0.04 078 £ 007 075 + 0.04 072 + 0.03  1.32N9

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
# N.S.: Not significant
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izl Bls] f-old o =8 pHE H3ith ol
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Table 3. pH of the beef hamburger patties with different ratios of lotus root

Lotus root (%)

0 5 10

F-value

15 20 25

536 + 0.357 540 + 0.69® 539 + 0.21° 541

+ 0.01%®

546 + 0.17° 546 + 0.03* 193.2377

Y Means + SD, n=3

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

"p<0.001
# N.S.: Not significant

Y Significant at
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(p<0 001) ?L?J ol 2l zfol= Kol ‘L%QM
Hel= G I F 72 A o] &
wjo] T} 2717k Z:J—al'—t](Beﬂy & Leddy 1989),
QNoF e A= Akl ARl ol 7 B
o] Z7Fsle A7 57l*>ﬂ et 7}°éﬁig ]
T Z 07 AR, o) dERE ket 3
7 9j€](Jeon et al. 1999)2} thA|r} Hk 7} wjE]
(Kim 2012)014] 71 Z7}) 94811 717 o]
Fhagl wbd ZE] $ 582 Sk Aol U3
o} WhA, 3173k B ol ?LA 739l 7
i) ol fraulm 717k Eo] Zd A
AR AA] Au 7L A sEjellA] 2
= A7kt xﬂZL A sElellA 7FE ke x2
TE} e Fﬁﬂ*? 1Rl Avje} Uxsh=
sz} 8k 5= ZIcKLee 2015). Lukz oz wjE]9)
197 Age] AW SiE]9] 7184 o] A= 2o
=2 defA] om = 9j9} 7o Avk= A siE
ARE AIZA] AEe] Ak —i—ﬂﬂ %é- =9, 7184 &
oA A @S v BloR 7)otk Bery
& Leddy 1989; Lee et al. 2003).
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At NS delsle] Alxst A JEE
213} A3= Table 59F 29k} At najsie] A
T2 =43 43 Lgke 72.88, agkS 1.38, bk
13.24900, A28 A3k an A vE]e] HES

LR Lke: tixaro] 46,68 o]glom oI A7t
T2 47.10~4801 B2 B oL} vyt o7
Q1 Aol HolX] o} At M7= gk wEje]
ERsh= gl o= ghawgic). o] X7 H7HE
ofal] =7} AR AvRs, A7 =5 dEjelA
Lakell 9&ke wxA] 282 Aol UA[3IATH Choi
et al. 2012). &3} % lﬂw s A7k A &
o

Pl W 9 ks I 9%

71k Aehs x5 o] FAUTHKim 2013). Arks
A7k A AElolME s 238l SR
78S 19l Avfels oIt Lee 2015). o]2IgH
ol s vk F e Thess el S
7|43} AL o] g

6 ok 1Tk p<000D). o118 B o]
ol agto] 7El ATk BolulAl, ol T

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 15 20 25

E)Cs)?(rljti 9.26 + 0.82" 875 + 0.83" 7.29 + 039" 7.18 + 0.43° 649 + 043 632 + 0.6° 1925
Reduction
rate 122 + 0,082 1.18 + 011" 1.08 + 0.13* 1.06 + 0.11* 1.08 + 0.13* 092 + 0.11° 4.23"
in diameter
Reducti
Reduction 8 + 004 0.08 + 008 0.06 + 0.05° 008 + 0.08° 006 + 0.05° 0.04 + 0.05° 9.60
in thickness

U 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



Table 5. Color parameters

of the beef

o2 WML 2= #HA TEQ S0 OXl= &g 823

hamburger patties with different ratios of lotus root

Lotus root (%)

Sample F-value
5 10 15 20 25
L 4668 + 142" 4710 + 1.85 4719 + 1.01 4801 + 126 47.04 + 1.63 47.44 + 0.79 0.74N59
a 524 £ 0352 463 £ 039" 462 + 022° 445 £ 017° 443 £ 029 451 + 0.10° 8677
b 1313 + 048 1226 £ 0.75° 11.99 + 0.54> 11.16 + 0.41¢ 1155 + 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

¥ N.S.: Not significant
 Significant at ~ p<0.001

test

w2 74 aghe] #HAagh Avtek(Kim 2013), oF AXE3ITE. 2L, solHAREE H7HA] S
AL} =5 elA 7kl <fal agrel 3 7F 57 Ao} oAl 7P SR =
2 Aol FUFITHChoi et al. 2012). o] gk S Kol Avpeh= Folaigion), Al 22 37t
WSk A7HE & STl wet e e He av) Al G SRS 1l Aykeh= AA|SIITHKIm
Fgol A o R AlmEh 2013). -5 S| Wsh= A 2 A4 T pH, =

=S U= bk tixte] 13130% 7} I, Ade] Asl wEe] A 5 vl aslel o
2} o

& ks R, A el oJal vz
BT} foldom vke shaile= )t p<0,001). ©]
Al A 1ol ofsf STt 3RAE Ak A
S H7hek F42(Bae 2008b), AR H7) b
(Yoon et al. 2009)2] #7120l 2]3l] 74d =

S = Ao w B E ] o™ (Mancini & Hunt
2005) oA H7he 7ol o8l aghsl) bgke] Wk
H o= H7ke ] M| dEkt IRk A
o2 AlsE T

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 N NS.4)
emy | PI671 %661 330323 £ 165100 64T £ 67171 236635 65433 36337+ 1609 0N £ 1244 106
Adhesiveness
@ S48+ 103 -15+ 080 -156+ 136 -134+ 101  -24+ 131 -291+ 244 097
fgr)mg“e“ 081+ 0047 08+ 00F 081+ 005 083+ 002 079+ 002 079+ 005 3337
0,
(C;)heswe”e“ 078+ 001 077+ 003 074+ 002* 075+ 00¥ 071+ 004 071+ 005 507"
0,
g‘mmme“ 218043 + 526,68 2612.32 + 124445 255307 + 417.46 176462 + 4544 254622 + T1604 243217+ TI072 095
Chewiness NS,

1750.44 + 44938 226603+ 113367 2075+ 34861 1460.96 + 376.04 2010.86 + 57851 192689+ 60883 095

(@

Y Means + SD, n=7

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

¥ N.S.: Not significant
9 Significant at = p<0.05, * p<0.001
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5.
ALE TR sEE 7sle] Alxgh A e
A7hs BAEE Ayl Table 69F 2tk 2%
& 7% (hardness), 72/d (adhesiveness), §H/d
(springiness), -2 (cohesiveness), 7343 (gumminess),
A2 (chewiness) = 4313t

74 % (Hardness)ollA] tiz-& 2816.215 LHERR
o} A2 H7kre] AEE 2366.35~3639.37 g/em?
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271 @A HE](Choi & Kim 2014)9k= HZE 9]
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A Zea] 37} WA €] (Cha & Lee 2013)A] 7
WARE 7R 73 it AR s Bl
A Aol fFAFsEI T

FARES] 244 S Al A, e,
Hs50] il H7k=el T el wet e 9
S Wh=t)ar S CKLunt & Davis 1991; Song et al.
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S T Ha% UK Young et al. 1991). B5
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o & IS WAA B AoE AR ]dr
A2d (Adhesiveness)2 tZao] -1.48%2 <1
A7 o<l ApolE HolA] skt
©F24d (Springiness)& tharo] 0.81%°]1%1 21t
A 5% oV H7RIETRE folA8) AlolE HolA]
o}
%3 (cohesiveness )& a2 0.78%°]1L,
%, 10%, 15% 7he- o)z} Go)ael 2ol
oA gdgkor, 20%9} 25% 7S thal
Joll FrelAle® 2 S BAtHp<0.00D). o]A]
H F7heol ofel 5-3/d0] 7K Avkes ApETt

Fos o

50
2

e}
s

S

a 010

L
.

=
=

1::
PI

H] 7} A 3E](Cha & Lee 2013)<} Avp7}
A FHE|(Lee 2015)2] ATjollA H7Hzel o3l &
o] S7ka Axe} Akt olefgt Avh= A
7hEol| o3l ko] Wske o= Al

7423 (gumminess )& thEro] 218043 g ©]21oH
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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 £ 1.39% 570 + 200 490 + 234 495 + 233 580 + 1.88 565 = 1.90 0.86"%
Tenderness? 6.75 + 1487 550 + 2.65° 3.75 £ 1.68° 4.10 £ 1.74° 355 + 1.90° 3.10 £ 2.02° 11.537"™
Juiciness®  3.85 £ 1.69° 4.05 + 1.54% 585 + 1.84° 5.00 + 152 585 + 1.69* 6.10 + 2.00° 647"
Fresh odor? 520 + 1.94 430 £ 1.95 535 + 1.81 490 + 1.62 565 + 1.66 530 = 1.69 138N
Sweet taste” 3.55 + 1.76° 4.00 + 1.69™ 490 + 1.89" 4.55 + 1.99° 560 + 2.14° 5.60 + 2.19" 3.68"

Y Color : 1 light brown < 9 dark brown
? Tenderness : 1 tenter <> 9 tough
¥ Juiciness : 1 dry < 9 juicy

 Fresh oder :
% 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

WAL 1718k Z94(Kim 2013) B2 whdeiA) = A
Fyh= Aolaleitt. 7)o gk Azt A8 Ed
7] w203 90107 a#En, gk 2zl
ABFS W= Qoo R AR A AdtxA
o] gk, chil AR G40 sh, AAe] AR}
T 59 5 4 glon(Kim 2013), £ AFoa= 1
713FFo] 71w 3] vhilA Sleko] 7iaEo]
A zto] S7e Ao AlmEt)
O

S8 juiciness) < t)FTo] 38502 A 5%
A7 4.05% 23 52]52] ZjolE HolA|

8 —.—0% 5%

--a--10%  —x—15%

—20% —8— 25%

Sweet taste Tenderness

Fresh odor luiciness

Fig. 1. QDA graph of the beef hamburger patties
with different ratios of lotus root.
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Table 8. Preference test scores of the beef hamburger patties with different ratios of lotus root

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 + 2.03 565 + 1.63 560 + 1.93  0.86™

Texture 420 £ 1.99 460 + 201" 6.75 + 1.29* 6.50 = 1.47° 6.65 + 1.35° 690 + 1.65° 10.58""®

Juicy 3.65 + 1.90° 4.10 + 1.83" 6.15 + 1.60° 6.00 + 1.59" 6.10 + 1.59° 630 + 1.69° 9.61""

Flavor 520 + 1.79% 460 + 1.85" 6.00 + 1.75* 545 + 1.88" 6.05 + 1.90° 625 + 145 249"

Overall 415 + 208 470 + 1.95° 680 + 147° 6.10 + 148 6.60 + 173 7.00 + 1.56¢  9.44"""

acceptability?

Y 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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