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Effect of Spinach on the Quality of Beef Hamburger Patties

Hyeyoung Kim
Dept. of Culinary Arts, Woosong University, Daejeon, Korea

ABSTRACT

This study was performed to investigate the quality characteristics, including sensory and physical
properties, of hamburger patties added with spinach as a source of fiber. Hamburger patties were
prepared with spinach at five different levels (5, 10, 15, 20, and 25%. Moisture contents of the
groups with spinach were significantly higher than that of the control group. Crude fat and crude
protein contents of the control group were higher than those of the group with spinach. Crude
ash content of the control group was the lowest among the groups. No significant difference
in pH was observed among the groups. The cooking loss rates of groups with spinach were
significantly reduced compared to that of the control group. No significant difference in L value
was observed among the groups. However, a value of the control group was higher than those
of the groups with spinach. Otherwise, b value of the control group was lower than those of
the groups with spinach. The hardness levels of the control groups were significantly higher than
those of groups with spinach. In the quantitative descriptive analysis, green color and bitter taste
of the groups with spinach were stronger than that of the control group. The preference levels
for appearance of the groups with 10 to 15% spinach were higher than those of the other groups,
including the control groups. Overall acceptabilities of the groups with 5 to 15% spinach were
significantly higher than those of the other groups. In conclusion, spinach can increase the acceptability
of hamburger patties, and 10 to 15% would appear to be the proper added amount.
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L A&

Al ool S5k B A =]
o7k YA olgholl] L.ehaNE Awlslo] gtom,
Floli 1500deo] Mehe Ao 224 Ykan
2012),

AR Feluel § iR 831 sl
A ke 5 g AalReln Holdfel Fa 7

oz Ol%E]h T H/\E‘E/q H]E]_UJ,]_ Tj—Hﬂ?é] =
FF P EHsk vERldlk= A, By, By, C, K 50l

=] =T, 27 HIER A9k 7} FSktHAhn
2012). AlE]ol vk she- el AE T FHuke)

ARG FPAAT, AR A7), vl
PAA WS oehs Esol slrka HaEgl

|
(Lim 1992), TS, AlEX]el] 23 Tl dojli= S
A& lysine} tryptophan©] ]u2] v gHo] 9l
o cystein FFE Fol FEA HET} fAleH
oldojo} ofrlelAle F2 S2folthLim 1992). &
3 AlFx19] folic acide A 733} Fakelxlel
SRAIZHRIY] 28-S Adfshe AoR HuEgle
™, 7% e NS oetar Ale|e] Al
s A Wi Bl =2 Zes Ha
EJATHLim 1992; Sim 2002). 2Jolid-f= <IRbe] A8}
7)) EHEE ] Bl o8 ZalEA G
EEES Aot o5 AR AN Ad=eAl A
3K(Strass-Wolthuis et al, 1980),
al, 1988), H]THMickelsen et al, 1979)3} Z-& AWHS
o, Agshk= 37t shsol WA I Fade] A
A pobea g
olFg AEAE
W (oo et al, 2006), AlE2] A7} }‘]"P}(Ko et al, 2013),
AR 7R 7RRE WoldnFT(lee & Joo 2010),
AREA] Frol FEE A7RE 471 (Ahn 2012), AlE
=] 27} AFFE(Seo et al, 2012) o] ot AIFAE
He} wo] 28317] ol ur} vk 97t 2
P23 9k

A= g freres fefuetelr A

I (Hagander et

83} =2 AEE Al

T3heE AAge] thE SAo® I LM 55skal
ATHLyu & Kwak 1989). AL EHEH'— FHE T
ANgZ st A HALY] 5S
of A 7k ukMiller et al. 1987) Aol o
U FHE ol-83te] AlZ=Bte(Cross et al, 1980) E=F
I ZopAe SYl2ElE el =t A gkt
Fr]ell ZlodetAet Bt AHR Qlef wRk, et &
=W 52 WA kg Agk i) e
=)7]% FHChin 2000). AAR ) T2 2H 2SS
=, L8, S| fEEe] vid STlekaL e
FHKim 2012) 0.8 Al7-2] A8kl thigh 7iad 247}
s

wpeba] & Atelxs ARRES A7 Aol
A8 B A T8-S 1A BHo 2 geokst
Aejdrdo] ZdEe AlERIE o83 WA HEE
7pate] Aol wxE FE54Y dsE A
ste] el 2 WA IEE Axst] 3 71
A= R Zgstaat skl

. 954y

UL ES A S A 5l 7
3le] 0o HASH ARgslgon, Tk AlEH|
Z 20169 29 UAA] BT A nlEGA] FYsle]
ARSI A E4F(Manna, Sejong, Korea)S

A3k,

2. HHAH THE|O| M= U
7 sifE] Az ¥lE-2 Table 13} 24O Lee
& Park(2000)9] AlZHE -§-83te] Az33ict. 2
o AME AEAE TUS F o A T =1E
BEE A% 3 0.5 cmolakE ZH| thA]
=149 7](R301, Robot coupe, MS, U.S.A,)9ll 30%7F 24
obA] ARGBISITE. ARl AR -5 W AgEH
ol g3F3iaL, AFAY WA aiE T Aol Ale-
sholck. 959 A AAzAE AAs] 1)

A AL,



(M-12S, Meat chopper, Fujeekorea, Kyungki, Korea)
£ AMg3to] 23] viafste] ARE8loIHt. siEle] Az
e 2] B8 B2 v 0, 5, 10, 15, 20, 25%2]
nlel AlFAE Arlste] S5 40 g, 24 6.5 om, T
Al 1 eme] Z7|2 ¥} BE del= A48 2%
190°C Oven(FCCM5 Fujimak, Tokyo, Japan)oilx] <l
BAES B8] £=A|(MTM-380SD, Lutron electronic,
Taipei Taiwan) & o]83te] YHew 75CaoA] 15%

SRRl oP] HAARNS Zste] % 75 7 7k
?l T AoA 1A Y & water bathg ©]-85}o]
A e fPees 30T = A 71A 8
e Ads skt

Table 1. Ratio of ingredients

Spinach(%)

0 5 10 15 20 25

Beef 99.5 945 895 845 795 745
Salt 0.5 05 05 05 05 05
Spinach 0 5 10 15 20 25

bR Bl AOACH(1995)9l Wt 33liet.
0, 5, 10, 15, 20, 25%& AlF32] 712 Gajst 3
719l e 105T e s Sl 24
== Hog ZX—]—S].Oﬂq_. }_?_‘r‘ﬂ‘lié_]
L semi micro-Kjeldahlf(Nx6.25), Z3H#-2 550TC
A23|spH o 2 ekate] 43] RHE SAJete] Hugkat
FFHEAE ERISIT

1 ke Soxhlet F&

\l

4. pH &3

A7 sHele] pHE 2h HElE 10 g¥ FHele] 557
I 90 mLE 7Iske] 2A7|(HMF-1000, Hanil, Seoul,
Korea)2 30%7F vpfgl & pH-meter (Delta 350,
Mettler Toledo, Schwerzenbach, Switzerland) = &
Atk 3782 3wk - Hant EEuAkE v
YAHOL & Lim 2011),

NS 2= A IHE|S| SEO| OIXl= & 405

b. Jt@UAE

74 HAEE vt ol 24 6‘}035} e 4
F A, A7, FAE S48 190CR o9 oven
oM 75TCel B F 1523 71 T (782) ALoilA
IARE Y 5 oA 7|, A 9 FAE S
olg 54 A, & goZRE ARletlon FAE A

2 =

&= S4319aL, 2)78¥ FA= Vernier Calipers(530-
Analog type, Mitutoyo, Kawasaki, Japan)< o]-8-5}o]

AZadeh. 27t 53] Wk 2gslel o Bkt B
FHAkE eI

N AR AA — 7t B A2 A A
ABRLE) = g <10
7V AN BT — 71E T A 55
Sl b (%) = FE A A & A - 7D F A 5 % 100

R Eﬂﬁl

6. M =X
AlEA| A7hES gelehe] Alzg WA dne
AZFACMS, Konica Minolta, Tokyo, Japan)& ©|-&
&) (Lvalue), AR (a-value), FAR(b-value)
=) %}%‘D} oluf ARgEH FEME 17k 99.20, agk
= b%H 35 ol3lek. 217t 53] whE: Zgato]
HAFZ HERAAC.

ZA7F Texture analyzer (TA-XTII, Stable Micro
Systems, Surrey, England)E o]83}e] 63] vk =7
st 274 6.5 am, 0] 1.0 cm& A|ZE AEE 23]
&2 0 2 ZUA|ZE W] HoJX]= force time curve
2ZHE A% (hardness), F2d(adhesiveness), EFEA
(springness), -2-F]*d(cohesiveness), 73’d(gumminess),
23X (chewiness) T} & TPA(Texture profile analysis)
parameterE S43}th, A 2L pre test speed;
1.0 mm/sec, test speed; 1.0 mm/sec, post test speed;
1.0 mnv/sec, Distance; 6 mm, trigger force; 10 g, probe
diameter; 75 mm ©]JTHKim 2012).
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D) % AR
HA7ksked Azg A sEle] HH
RAREA AR FARS o) chel S
WEE AR SFoEtaL SR 2078S thd o= A
Sk AlmE ALl 1A B4 T 1
en 1z e} 24 Fol Aol gl AT
Z} Aol tigk AHE w] Slsl GrnE OI%O}&]
SR, @ el AR W ol 3
A7) Sl g HaL
Ao 2 U S 3 a5 4 54l 9%
L& A(color), ¥eFE7Htenderness), S5

AEAE

X1X1

Hjuiciness),

A8 SKfresh odor), 29Hbitter taste) &2 3},
olzfst EHES 9Xq P Z%]Euﬂjg O]%:C?}Oq ogog
2ArE 549 Awrt ARE A 3}t

2) 713% A4

AFAE 7k Az WA g VEw

e FREA ge i e 3538 thdes

Aehelon, Ag FHlsh BrhEe B BAR

il

M 2o o R AAskelnt. Wed 5449 s
2 93 713 % (appearance acceptability), 27t 7|5 %

(texture acceprability), 55 71& %=(juiciness acceptability),
] 7)3%(flavor acceptability), FAA 71&%(overall
aoceptahhty)e 3153, 3, 04 - ATHS 0]835}] 9
How 24s slEwrl e Aoz st

Table 2. Proximate compositions of beef hamburger

9. A 2| LY

1 %] o] tfgh vlofE] 442 SPSS 12.0 program
(Statistics Package for the Social Science, Ver, 12.0
for Window)& o]-gste] Bt} BFHARE VRN
1, Fgkel| it ¥ ANOVA test & T 917
A(Duncan's multiple test)ol] 23l 2+ AlZ7ke] #9

e p0.0s FEN B
m 23 9 33
1. YskyE 2y

gefsto] Azt fHA ] duby

B8 B3 Avk= Table 2 9F 294t AlEA] 371

YA ] FHIES 57.14~65.39 0|90, AlF
25 ARIA| %‘% thzoll vlsl AR ikl 71

Foll we} FRgego] HeolHoR FTRISIEP.00D).
AR AAle] SRR 9lo] 89.46%, E717F91.05%

2 BT Qlof(lee et al, 2005), AlEx] 71k weh
Z7FE RS T AlEAY] & oﬂﬁ 718k Ao
2 AEE, oA Y H7HEe| o8 EEAEe] 57
gt A= Anks 37k WA ﬂhﬂ(uee 2015)9} =}
A=) 27} WA (Cha & Lee 2013)2] Ao} SAF
sheict. olest Ao S5 Alse ‘Q%ﬂ—a— AlEAIE
Aste] 2loPdfavt S7kE FREREAS0] S7HE
PFx S A}E%D}(Cha & Lee 2013).
P 13.19% oo, A=A
TR foHor

7o =2

AN
AP o

gzre] =
5-15% A7}l 11.71-11.20% 5=

patties with different ratios of spinach

Spinach (%)

Sample Control” F-value
5 10 15 20 25

Crude moisture  57.14 + 281 59.90 + 0.43° 61.56 + 1.36™ 61.98 + 167 6539 + L10° 6490 + 0.80* 158277

Crude fat 1319 + 162 1171 + 0.45° 11.40 £ 047° 11.20 + 055> 873 + 037 9.87 = 027 1612™

Crude protein 2721 + 1.43* 2552 + 0.41° 2530 + 0.29* 24.60 + 0.26° 2388 + 0.19° 23.28 + 035 1831""

Crude ash 130 £ 0044 139 £ 003 157 + 009 157 £ 009 159 £ 0.04° 1.69 = 0.02* 2567

D Means + SD, n=4
? The means with the same letter are

¥ Significant at ~ p<0.001

not significantly different by Duncan’s multiple range test



AL, AR 20%69) 250% 7k 247} 8,733
9.87% ©] AMgHFe] TS K p(0.001). ol=gt
Af= 952 Aol 299 W= AlER]9] 0.58%
ofl ula] AAF] e o= -5 T Aol o3k A
mjZo 2 Alg g}

AR H7bre] il Fhge izl HlE
o3k =T (p(0.001), ol AlF3] Hrleke] S7)8)

W SREHTEe] AAaE mhio g AlmEnt, o]
g A K 2000 oPde] Tl Sheks Hole
-5 Hlaf(Lee et al. 2010) AlFX|] ThiA Fleke
0.5% ©oJ3HKang 2000)= Yo} S73keF 7hae] ofgh
A Al

Z3)Fo] A AFE A AIFA| % 7k
& iz frofA]l alelg Bolom, 1020 H7t
2 Us fojdom o 23 RS Holor
25% F7kto] frolH o MY e 23 TS B
AEHP0.001). o= AREA|ollE 2-3%2] 3ol Thi
o) ¥kl (Kang 2009), S-Sl 1% 2] 3ol
FHrElol(Lee et al. 2010) AlE3] $heF F7Fell w2} §Y
W7 sfEje] Z3E shake] S7HE AR AlmEu,
w3l olate] A3 Cha & Lee(2013)0llx] 7ol
of3) &5 Fhgol FAEr dod wslel fAkek A
S B

oy

rir

X

¢

2. pH
AFAE 37F8ke] Azt A siEle] pH 57 2
FR= Table 37 294t AAREA]2] pHE 6,24901,
AlFAE A7kt Alzgk WA FjEle] pHe tix
T2 5,612 959 pH7} 5.55.002 S4H Hale}
ARG H(Lee et al, 2010), AlFA] H7REL 5.65
ol 5.759] FEZ FZ7T /922l zlolE Kol
ATk AFAIE 30% oY 7Bk Al Fe
pHe &l vlate] 7 =itk A7 A3t 2
AT-AFe} Aol olfi= & AFelxE AlEA A
7} FETF 25%E FAIE Al Bk A7 J71eE wie
© 2 HAZITKSeo et al, 2012), o|&st A= 2 =
e rtsto] Alzgh WA FEl(Cha & Lee 2013)

ANSZAPH 2= A IHE|Q| SEO| OIXl= Fgf 407

o} A7} wfE](Lee 2015)94 7120l <Jal] #lEe]
pH7} QS 7] ok2 A}l YAJekeit. o] 22 4
= WA siE]e] vlglet pHE 5.6-6.2 2R T
Aol W (ia et al, 2012)0f =M, dwkEo
2§79 pH Ak 22did §18 fidste] 5
23 859 72 5 S5 Fdol U ogas e
Z°0 2 KB E) o H(Kristensen & Purslow 2001), &
AT AlEA H7E A pHell 2 JES RIAIR
ool 34A A7g ekt

Table 3. pH levels of beef hamburger patties
with different ratios of spinach

Spinach (%) -
10 15 20 25 value

Control”

561 565 570 575 573 576
+ + + + + +

+ + + + 1.78N'$'3)
0.16  0.11 0.09 0.08 0.03 0.01

D Means + SD, n=3

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

¥ N.S.: Not significant

3. 71gEAE
AFAE H7rete] Alzg WA el 7FaAE
A A= Table 49} 29k}, AISAE 718lA| &
2 tizare] SIS 11.29% 7P e g
Hojou}, AlEA A7kre Uiz #59]F3 o]
Hom FF 7FErhAEo] AsFEATHP<0.001). A
x| 7Rl frolERl Aol it oA F A
| bl S5 gl fedom wokd A
F= AlgAel TR AR o8] 7 Bl
71 wEo 2 AR EH™(Cierach et al, 2009), o=
d2FE 7Kk WA sHEl(eon et al. 1999)} A
kA7) E](Lee 2015)94] H7HE Z7tol| o) 7t
Frago] A3te whA 2| § 582 S Ade}
Ax|git. AT ET FATAG A vz Al
FA| 7R fro]FQl Apolg HolA] gy,

sfele] GHe] FH F A o] & F
=3} G717} AaEE EA4(Berry & Leddy 1989)-2 A

ol ol e to

<

it
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Table 4. Cooking loss and reduction rates in diameter and thickness of beef hamburger patties with

spinach (%)

Spinach (%)

Sample Control” F-value
5 10 15 20 25

Cooking loss rate 1129 + 109" 964 + 030° 908 + 033" 957 023" 963 018 969 = 017 11097
Reduction rate NS89
L 128026 092+015 0% 025 098 *£011 106009 1.02=+027 011™
in diameter

Reduction S
. 058 + 013 054 £021 044 £040 052 +£018 044015 058 £015 0.85™
in thickness

Y Non-added with spinach
? Means + SD, n=5

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

# "Significant at p<0.001
9 N.S: Not Significant

Fol gl 9 Fo /15w AL 5
CHKauffman et al, 1986). Webx] AFA] 7bel )
Figo] AshE Ave AF V15wl 3R
GFe 1A 5 9ke Ao ). WE e Al
A AIshe sHele] 217] 7 sk v

A zeF FR £UE AEle 9FEE 2

Qlo] sE] Hu] Wsh= T agle] Wiz o) A%
E|m(Park et al, 2005), ¥ A= AFE A
3lako] zfo|g} AoPdgo] FR KBS0 2jol9) e

Q0150 2hgd ofa] Feke] jololw BElaL Hu)
o] zlol= IEEA| 2 AW =&H FOF Al
)

.

U:
_‘_4

4, M

ATA VS gelste] Axs WA AEE
A8 A= Table 5 9F 29kt AlER]9] A= 134
2 30~47 Aol aghe —14~-12, bFL 17~259] &
X2 HuE3 cklee et al, 2005). AEXE A7)
7 fE]e] s VERRE 13 thasro] 45,93 o]
Rom AFA W7l 42.93~45.03 BEZ Hlon
izl Hlsl o2l 2tolE HolA] it

AT Bde Hrlste] A1%3k 27" (Ahn 2012)
I} AFHE H718ke] AlZgE F5%(Seo et al. 2012)0

M AIEA F7EE Sl ofsf Lgko] skl o]

£ d7oiie U Wk 55 FARE AMSS
o] BAo] 1gko] 70-80 A= vll¢- =9k, whaf $-
9] Lgke Aok fAkek 45 AR FH7beol Lak
of M= g nmPH Ao AlsEct
A= JeEPfE aghke tizae] 5.30 9o,
AlFA] H7HA] B Tl s freldows e
a S BYth(p(0.001), o) d|z2a H7bA] agt
o] Za¥l Ae}l FUsFITHJeon et al. 1999). oA
# A7l o8l agte] Had A= Al A AA

o] agko] —14~-12 BEXZ FA3| & HU=E 7k
o, AlFe] agtoll FEFE vIF] wheolH, gk 3
7he & S7hl et B s e R A

e o 2 Ak Er),
=S YepllE bk tizaro] 9,442 AleH|
5~10% 7ot foHQl 2fola veRiA] ekt 1
2t AlEA] 15% obd ke bkl 7Kl Al
2] 20~25% HA7VEe] e sejHow s o g
=5 HERHATHP(0.001). o]*1&H A=) 7kl <fah
Gt S7bE Adks iR 37 ek s
ul= shefe} n] Y H7EA] bgke] HA3] et Aot
AxJ3l= AgItHJeon & Choi 2012), o= A2
bk 17~25 BXZ 5o vjsf 84 =2 bgts U
ERIEZ AIF<] bitell B J3S mAE 3oz A}
F¥c}
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Table 5. Color parameters of beef hamburger patties with different ratios of spinach

Spinach (%)

Sample Control? F-value
10 15 20 25

L 4593 + 1.03” 4456 + 224 4503 + 2.11 4301 + 224 4293 + 1.52 4382 £ 242 247"

a 530 + 0279 419 + 0.27° 320 + 027 226 + 0.18 1.18 + 0.24° 0.27 + 0.32F 35850

b 944 + 0.83¢ 870 + 0.897 9.84 + 0.86° 10.95 + 1.06" 12.13 + 0.84* 12.79 + 0.62* 14.21""

Y Non-added with spinach
2 Means + SD, n=5

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

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

5. XX
AFAE TE TR Hrlske] Alz3k 37 g

of ZARES A8 A= Table 6 7 290} 22RES
Zd=(hardness), 42 (adhesiveness), B (springiness),
& cohesiveness), 713 iness) 2 443 chewiness)
< Sskact

7% (hardness) oA TR 4246.21 g/em’o|Q]aL
A FH] H7kEe] AT 2206,37~2219.32 g/ent® Alo]
2 ezl via) frefd o g SItH(p(0.001). olxH
A7Vl ol AFe] Bt aw Avhs bt
W7 ] (Lee 2015)9] A} FAlht Ed-s H71sh
Z2J4] HEl(Cha & Lee 2013)7} FHE FE](Choi
& Kim 2014)9l)4] 7kl ofsf) Hert 7 Aot

= HEE olFIIt o2’ A= AR 7o

7k AlEAU 2ol STkl oJ%k 2 Ef
F71et S5 T Aol ofgh A e o
Fog AlmEH, AA AA o AR A SR/
o] EHf-so] S7HEM Fert e A
o} FARE Az AL EtHChoi et al. 2011)

]
o2 of

]

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

) Spinach (%)
Sample Control Fvalue
5 10 15 20 25
Hardness(g/cn?) 44621 + 8087 21932 + 5086 2013 +57714° 20175 +8049° 333785 + 4973 20637 + 3615 815779
Adhesiveness(®) -0 04 0B +08  Q19£016 0802 060 +08 A% +040 066"
Springness(%) 087 + 0207 088 + 00F° 083 £005° 081 =00 081 + 008 0B +006 473
Cohesiveness(%) 077 % Q0F 077 £00F 074 +002 073 + 002 072 + 002 071 £00r 1834

Gumminess(g) 259 + 6052 110311 + 428 21085 £4B75° TRB +68° 238103 +3136F 15461 + 387 9.42™"

Chewiness(p) 286645 + 5040 140472 +35556° 17086 £31479° 170716 + 5881 19087 +2559F 123513 £ 2085 1087

Y Non-added with spinach
2 Means + SD, n=6

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

® "Significant at p<0.05, """ Significant at p<0.001
% N.S.: Not significant



410 BIZX|GAEMETISIEIR] K28 35 2017

2d(adhesiveness)S ZTd} F-2]2Ql 2fo|&
Holx] ¢ka1, ek X(Springiness) thzaro] 0.87%
2 AREA 5~10% A7k FrolARl Atolg HolA]
eFsket. AlEA] 15~25% F7hee tizsrol Blsf fre]
Hog we @Eds HAKp(0.05).

%X (cohesiveness) NZT-2 0.77%2 Al53|
5% F7kte izt frol4Ql alolE Holx] §igte
L 10% ol A7l tizdll visl foldos e
TS BArHp(0.001). o]AH H7HEl o5 &3
do] A A= AZer] 37t 37 siEl(Cha
& Lee 2013)¢} Anl7t & A siE](Lee 2015)2] 2
ol H7Eeel o8l -3-3d/30] S7HE Aot tixE
olFout Apekko] Ee WA FEjelA S344
o] ¥ BIR= FAREITHYoung et al. 1991).

72 (gumminess)S thzTto] 327559 g o|lovt
ARER] 7 b 1574.61~2381.03 g2 tizsro] vls) 2]
2o yrogko 1 eltipc0.001). P (chewiness) &
thasro] 2806.45 g 1AL, AlEA] 7k 123513~
1769.86 g2 thzsroll Ml fojd o vreghs Bl
THp(0.001). o5 AlF=]el| ofsf AlEe] 31/de] 7+
28 AlERE AEA] 371 WH(Seo et al, 20127 Alg)E

2 2471%(Abn 2012)9] Ao}l fARSISIE SAlEe] =
2Rk A, sk, dese] A, e 5 S
ofgks wrom 5 xHIske] ofgko) 714 Arka By
=1 glon, Akde] 28 Ax

’go] SolzIthal 3Rt Young et al, 1991), £ A7l
A AlFR| ] SRS A, 34, A
vholx|n Hrele A7k AlFsle] &5 A7t 713

o Bt Fo G V1A F e Ao IR,

.
314, 4%

o4

o]

E

1) A BA B4

ABA| A7 FdS gElste] Alzgk A el 4
F2 BAF A A= Table 7 3 29k 4] BAL
22 M(color), G8HA7H(tenderness), S5+
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Table 7. Quantitative descriptive analysis scores of beef hamburger patties with different ratios of spinach

Spinach(%)

Sample Control” F-value
5 10 15 20 25

Color? 272 £ 15474 328 £ 1.70° 442 £ 1.21° 584 + 143> 700 + 1.10° 7.52 + 1.12* 51207

Tenderness?  5.67 + 1.97 608 + 1.63 532 + 1.73 480 + 1.87 533 = 1.97 480 £ 2.08 1.74Ns10

Juiciness” 448 + 194 428 £ 1.90 452 + 214 567 £ 1.69 480 + 1.76 540 + 200 207N

Fresh odor” 472 + 223 3838 + 1.88 468 + 1.93 448 + 200 500 = 216 568 + 206  2.08N%

Bitter taste® 1.92 + 1.53 200 + 1.38" 252 + 1.53° 3.80 + 2.14° 3.80 + 2220 448 + 254 776

Y Non added with spinach
2 Color :

¥ Tenderness :

1 light green < 9 dark green
1 tender < 9 tough

? Juiciness : 1 dry <> 9 juicy

5 Fresh oder : 1 weak < 9 strong
9 Bitter taste : 1 weak < 9 strong

7 Means + SD, n=20

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

9 "Significant at p<0.001
W NS.: Not significant
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7|5% ZAL AR Table 8 7 890} 715 % FAR= &
# 7]& = (appearance acceptability), 27+ 7]E = (texture
acceptability), §5 7|2 =(uicy acceptability), 7| 7%=
(lavor acceptability), 2% 718 %(overall acceptability)
o] 5714) qpue eIt

23 7]|Z = (appearance acceptability) 9|4 AT
5% /RS 47622 24821 thawel] wla) fo4
o2 Ekon, 10~15% H7hie 5.84~6.000% <]
Ao 7 w2 7|5 eE Ktk v 20% o3 A

= [e]
SES

7he] 79 o] SRt wet 7Sk folH o
2 7h2819eHp0.001), ol&at Ank= ok zAME
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Table 8. Preference test scores of the beef hamburger patties with different ratios of spinach

Spinach(%
Sample Control? pinach(%) F-value
5 10 15 20 25

Appearance 3 b ) ! s 5)

o 248 + 126" 476 + 145" 600 £ 135 584 + 174 352 + 142 332 + 145 2664
acceptability*
Texture acceptability 4.60 + 1.85 476 + 207 472 + 182 524 + 176 444 + 194 516 + 146 075N
Juicy acceptability 452 + 1.85 504 £ 205 468 £ 175 564 £ 170 450 £ 174 512 + 181 145
Flavor acceptability ~ 4.88 + 1.96" 548 + 1.05° 508 + 1.87° 596 + 1.24° 476 + 130° 460 + 171> 266
Overall acceptability 3.84 = 1.91¢ 500 + 1.55* 516 + 189 580 + 1.63 413 + 1489 476 + 154 445"

Y Non added with spinach
2 Acceptability: 1 bad <> 9 good
¥ Means = SD, n=35

“ The means with the same letter are not significantly different by Duncan’s multiple range test
9 "Significant at p<0.001, ~Significant at p<0.01, "Significant at p<0.05

9 N.S.: Not significant
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