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Abstract

This study aimed to investigate the effects of strawberry and red beet powder on the quality
characteristics (pH, CIE color value, and sensory evaluation) and antioxidant activity (total phenol
content and total flavonoid content) of beef patty. pH of samples containing 2% strawberry powder
(S2) and 1% strawberry powder 1% red beet powder (SIR1) were significantly lower than those of
control (p<0.03). The CIE L" value of samples containing 2% red beer powder (R2) were significantly
lower than those of control and S2 (p<0.05). However, The CIE a’ value of samples increased with
an increase in red beet powder. The CIE b" of S2 were significantly higher than those of Control
for 0 week and 1 week (p<0.05). Color of S2 were significantly higher than those of R2 (p<0.05).
Flavor of R2 were significantly higher than those of control (p<0.05). These results were indicate
that SIR1 could be enhance the antioxidant activity and quality characteristics of beef patty.
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e, 2AA] FOE HiEE AR AAACE 7H) HHAQl FEHEN AHEHE 71
A|EQ1d| (Choi et al., 2015a; Jung et al., 2011), =A% 1973d FHA7L A4S HFH o|%
APge] g7} o] oA tefRt B E4SARE Aol B/Eo] It (Choi ef al., 2015b). TiEl=
09 W £28 Bafeln Bol, 0By, 247 59 BEEHL PN 99 ot BAme
A A7sle] A@eE & AREC} (Barbut e al., 2016). 0|25t BASAEO] AL oA E
52t A 23 =Ho7] whizoll, 22 AHRRES] ARl AFAFAR] a7E SRl wH,
2[R gtof| g 1FA9] 7154 ARE H7Iste] F4E SRA BafSAlE tet A7t
ol A3PE|QI} (Jeong and Kim, 2016; Joo and Choi, 2014; Jung and Lee, 2016; Kim and Chin,
2018; Kim et al., 2016).

Q7| (Fragariaxananassa Duch.)i= 73020l &oh= thd 2= 5o wet Aduglgol Alol7F 1
A9k, GHFH O F vitamin C, quercetin, caffeic acid, ferulic acid, flavonolF & QTEAJopd M4 50

tlofst it B8 $1851a1 It (Bobinaite et al., 2012). Flavonoid, phenolic acid, tannini} Z+-2
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His5A SRFES 271500 B2 ¥l rEo] qlo] I+t AT 5 HIdet e v 7
3L QItd (Lee et al. 2014). H=H|E (Beta vulgaris L)= "8O5Z}=2 betalains, flavonoids,
polyphenols, vitamins, folic acid 5 T4} 28-S oh= EAS oFf Shaola 9lo, 5] M4AEd
Al HIERIQE red violet Azl HERAOPATL yellow Azl HEFHRIOR FAETt
(Schwartz et al., 1980; Vinson et al., 1998). o|2Jst ©7|2} Y EH|EQ] §HAlSH AES o]-8alo] |7}
TEO] AL A7) st A7) te AYE QT (Ha et al., 2015; Lee and Chin, 2012;
Saha et al., 2011).
IR R 13 A 2T 415 AT A7) 49 o slonk & el
= HYEE Zﬂ Sto] 7164 AEoE
ook B B4 B i T8 S

SR ¥ 98 TE| HE

09 omare AE 24x|7l0] AT AL ALINGOH, BY] Bt (pH 3531, WE 523, BAT
19.4, BFMT 15.9; strawberry powder, Oherb, Korea), H|=H|E £ (pH 5.573, W 25.6, AAT
26.1, 8 6.9; Reb beet powder, Herbnare, Korea)S 0]-85153th A3} AA| 22 A|ASH &5
I AAE AASH SAH2 242} 8 mm plate S A3t grinder (PA-82, Mainca, Spain)Z 4513t}
e R 455 (70%)2 SAY (15%), B4 (15%), HA] S5l thste] NPS (1.2%), sugar
(1%), Bs B (0.5%), G5+ 22 (0.5%), B7] 28 2%), HEHE 2 2%), B7] 2 (1%),
ZEHE B8 (1%)2 H7Iole] Sadsiitt Axgt FoHe2 7H2 90 mmxAl= 90 mmx3°] 12.5
mm2] 7|2 AHFSt F, 80T chamber (10.10ESI/SK, Alto Shaam Co., USA)o|A] 3087t 71<gstal
WB7F 3 4CofA 35 59t st Ao ARSSISIH. diRTe B9 HEHIE RS TSt
A o¥okal, S2= 87| B 2%, R2= HEH|E 29 2%, SIRIZ B7] 21%, HlEHE 28 1%E

A7rsto] Alzstirt.

pH EI'I
A5} S5L,E 14 SR E35}o] ultra turrax (HMZ-20DN, Pooglin Tech, Korea)Z 8,000 rpm
oA 187F #4831t} E3ES G217 pH meter (Model S220, Mettler-Toledo, Switzerland)E- o]-&
sfo] 245191t

ME =3
ZF A 79 71E $9] Q& thH-S colorimeter (CR-10, Minolta, Japan)S ARR-510] I (lightness)

CIE L' 33} AMT (redness) CIE a~ g, A% (yellowness) CIE b° ZFS Z243}90ch o ¥F0g
AR2E AL CIE L Zho] +97.83, CIE a” Zro] —043, CIE b Zfo] +1.9891 ¥ FukS AR5}9ich

TsB7ke =9E 1059 Hdaeds Adsto] Ao tigt 2|43t g0, B7PIE 55 &3

F AABII BRI 2 Aeiwol tlet e AlRE 42 10 muE 20 mmd]

3712 ddohar, A, Fu], A, thE4, AAA 7150 thiste] FEE 104 TR0 716

ot ZF =9 1082 7FY 9= (10=extremely good or desirable)2 WERHIL, 1592 7P L &2
(1=extremely bad or undesirable)® FERHRITE.
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Folin-Ciocalteu % (Singleton and Rossi, 1965)& ©]&3}o] & & SRS =451t ©7),
FTH|E Bk H715t HjElQ] AF5Hof| 2 N Folin-Ciocalteu 8H-S 80 L 71510] 35 50t HEGA|
&, E=00 20% NaCO; & 800 pL il BlE Apsio] 37ColA 3087 BHSAIZITH
Multi-mode microplate reader (SpectraMax iD3, Molecular Devices, USAYE ©]-85}%] 760 nmojA]
FB=E S5 Gallic acid (0-150 pg/mlyE REEEE oto] S74%F HFAIT Hlwslo] Ala

o e ¥ v e TS AEIH

£ ZalRcols By 5H

Woisky Saltino (1998)2] & o] 5 Feliiol= TS 29T, 22te] 45
(100 L)l diethylene glycol 1 mL2} 1 N NaOH 100 pLE 2315t tf3 WS Xdds|al 37CofA
1A17F BESAIF ). Multi-mode microplate readerS ARESH] 420 nm oA TPTE =459
Naringin acid (0-150 pg/mL)E RFEHE slo] S73 AP} Hlasto] Alzo] ok Setiieol
T 3RME I AESISiH:

A=

(Duncan’s multiple range test) 2= H3SFAT

. Zaf 2 aF

pH

2719t HER|E EEE A7IRE 95 HiEQ] pH 574 Z2TE Table 10] YERRIT 208 vl
I}, 29 R2A e oA AskA] 32 sE|Eot A5k siejolli fH o= =2 hE Hltt
(p<0.05). Jeon 5 (2004)> =SHEIE AAo1oE o FA7 |t whet AstsiAu 53l 513
t}. o|2f3t olf+= Y&} 7Y wighH|, nldE SAl0 ot A1 BE &4, A4 4 5
ojz] 7kA] 8210 oJste] YefRlcky B %]t} (Demeyer and Yanderkerckhove, 1979; Pearson and
Young, 1989). 9t H|w A}, TR S2, SIRI AEollA] FojA 0= W pHEkE HYlowH,

Table 1. pH of patty formulated with various strawberry and red beet powder

Treatments
Storage time (weeks)
Control S2 R2 S1R1
0 5.78+0.015 5.58+0.0248¢ 5.68+0.055° 5.69+0.01°
1 5.82+0.024 5.56+0.01% 5.80£0.014 5.68+0.01°
2 5.82+0.014 5.60+0.02%° 5.82+0.034* 5.70+0.02°
3 5.8440.014 5.58+0.0148° 5.83+0.014* 5.69+0.02°

All values are mean+SD.

AB Mean in the same column with different letters are significantly different (p<0.05).
* Mean in the same row with different letters are significantly different (p<0.05).
Control: strawberry 0%, beet 0%; S2: strawberry 2%; R2: red beet 2%; S1R1: strawberry 1%, red beet 1%.
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0FAPIA Bs AP0 thRTET W pHEEE UERITH (p<0.05). o2t FAFHA] FH71AREE
S 715t 71E AXA9] 764 A+ (Bulambaeva ef al., 2014)014 7|} H71eko] SIS
pH7} WobA] 2 Aol AAJotedet. ofesh Aik= B7] £ AAQ] pH7} 3.5312 oS- 7] wfEo]
Az ez 97] 22 7o) osto] 2R pH7F AAE I oH, FA7E Bajtole thxt
o} R2 A2jTT} YoliA | Aoz Amdr:

A

Table 2i= B7|9} HEH|E -5 71k wie]9] M 24 Ats Yehfglch. S0 vlwddl,
0FAPETE A7get Aol Hglo] =2 AFE Bon, 59] 252t Aol wf Bxgto]
7P =30t (p<0.05). SFE Blw e}, BE FAjA R2A 7} thRe} S2Af el R fojq 0
2 92 PrE eIt (p<0.05). HTHIERZS H7I5t =8 wE] A7 (Shin and Choi, 2014)°]
A FEHIE 715t HEjatse] A 15971A] tizo] Hlsto] Pt Wokthl st 2 et
FARIALE HAEE $29F R2E AA7|70] A4S §-0]2Q] AjolS Ho|X| UQMA|T, t27e}
SIRIZ 253} o AAoHAE W Fo)F 08 Fradch= A2 HAT (p<0.05). THFE vlwd,
R2¢} SIRIOIA] ThRFHET o407 2 AME 2 YERHIT (p<0.05). Jin 5 (2014} =5
2AIA O] HEHIES H7tolo] FMEE F7HAFTHL Balsto] &2 d-ret Aot H=H|Eo
F2AE Hi= £49 betalainsE0]| ofsto] FHIEH, HEH|EO] 9F 62.04-118.92 mg/100 g $H7-5t
3 okl BaE| et (Georgiev ef al., 2010). B7] £49] F2 A5 Uehfi= QIEAORD TiElE
e 7FEE] st} M Eafj7h Qofut o} XLt (Chae er al., 2000). WA & Aol A=
o] HER|ES HIste] WA Aol w2 AMEE Holi, T7] B2 e HMLa
FFE VAR g2 AR AlmEtt A= AP v w AT, S2ATE 25 ol Aol

Table 2. Color of patty formulated with various strawberry and red beet powder

Storage time Treatments
Color
(weeks) Control S2 R2 SIRI
0 46.70+0.26% 45.23+0.12°° 38.80+0.92¢¢ 41.90+0.50%
. 1 47.60+0.89* 46.73+0.68™ 44.50+0.70% 47.30+0.42*
CIE L
2 50.00+0.14" 48.00:£0.28° 46.15+0.0724 47.35+0.214°
3 48.85+0.78%% 48.10:+0.35% 44.85+0.3548° 45.03+0.06"
0 6.30=0.10"° 7.5+0.69° 8.15+0.35° 8.35+0.074°
. 1 6.30+0.36™ 6.70+0.4° 8.80+0.42° 8.55+0.35"
CIE a
2 5.20:+0.14% 6.53+0.35" 8.25+0.07 7.65+0.21%
3 4.85+0.075 6.60+0.28" 8.17+0.21° 7.05+0.218°
0 8.67+0.06 7.03+0.40°° 8.00+0.99% 7.90+0.01%°
. 1 9.13+0.06" 7.10+0.30° 8.33+0.21% 8.25+0.92
CIE b
2 9.25+0.78 8.63+0.55° 8.37+0.31 8.63+0.31
3 9.37+0.50° 9.97+0.494 8.40+0.95° 9.40+0.96™

All values are mean+SD.

AC Mean in the same column with different letters are significantly different (p<0.05).
*d Mean in the same row with different letters are significantly different (p<0.05).
Control: strawberry 0%, beet 0%; S2: strawberry 2%; R2: red beet 2%; S1R1: strawberry 1%, red beet 1%.
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W AT fol0R ST HUS BSICk B HImAS 0FR9) 19K ARt
Y277 £ PUE G eI (p-0.05). Zhou 5 (2013)2] A70IH B7LE S 2414
o H/H5E AT} SolRck Slof # A7} YA ol A EE AxoGS
wfe D] Bare] Al mE P e SISk, Aol 237 o1y F7KEE ]
2 47 PAT 1599 GG Wol hrTurt Z74E Foleky webEk
2=}

Table 3 W7]0} H=HE BUS B/KE ee] B AnE Uehigl A PRl
e 2l R RO 8 WIS Wkt (p<0.05). ofEulol R B/t wfe]
AN Bt Ak, S oI BISIGS ) A FRoIA H47} Bol HFS Hol
¥ A7 SIS (Kim ef al, 2015). F1] FBo e} R2, SIRIHTZ FJ2)
Zol7k U] gigkork, S2Ael T A TET §OjH0R e WIS Wkt (p<005). Saha 5
2010/ 27| 222 /R AL Aol D] 222 5% o) AIHAS W) TEHS
A1, o318 Z7MIAACHL Hsle] & Avoh SASIT A, the, A V15 3
oA STt Heizte] RHel Aol HolA] glgiek. Webd Wt Zuk 2]
S=H]E Bto] A% B7hE SIRIO) W7He Qo eloh vl Wsd S4E Be 754 el
AZE 915 WhE & %S AOR Azt

£ s 82 & ZaHL0|E sk

s AEAY A9 BE FEo] EXE o] glow, 23 thaptERA S AHE o
2 AASK= s 24 E flavonoid, catechin, tanninF2 R HEsRIES £AVS 7HA 1

Aol FAFAE 5to] 2 A} A8S Sk AR AHA qlow, FATS, I, I, WIS
9 A E ool 18Y A 5 thokst AeEdS YERATH (Cha and Cho, 1999; Kim e al.,

1998). A1Z0] ZhHukS 3} 2B 0w W25 o} bacteria®} fungiQ] 710 2 HE] Ho] 2R&s10] 9
oRE S I e 754 AlET S| A8 1 Qltt (Bravo, 1998; Surveswaran et al., 2007).
F H=d% 34 43E Table 40 YEMQITE T2 vl 2y, S25 A|Qfshal BT 15:A0A
7P w2 His e UEISIeH, 35104 foj8 0 g ZAsirt (p<0.05). Ak Hlw A,
3FAOIA 2, SIRI A7t 2 ET FofH 0 R =L wEdhds YEIH (p<0.05). Table
55 9719 HEHIE £ 7R 95 HE|9] & St eolE o S A9E UEil: =3t
H v Ay}, RS AQfgt BE Aol 05k 3553 AeilS o oA oR el

Table 3. Sensory evaluation of patty formulated with various strawberry and red beet powder

Treatments
Traits
Control S2 R2 SIR1

Color 7.67£0.52* 7.83+£0.41° 6.00+1.67° 7.33+1.51%®
Flavor 8.501.50° 6.33£1.21° 7.50+1.64% 7.33+1.21%
Tenderness 8.00+0.89 7.50+0.55 7.17£1.47 7.33+1.21
Juiciness 6.80+0.84 6.60+1.14 6.80+1.48 6.60+1.14
Overall acceptability 8.33+0.82 6.50+1.97 7.33£1.86 7.33+1.21

All values are mean+SD.

*® Mean in the same row with different letters are significantly different (p<0.05).
Control: strawberry 0%, beet 0%; S2: strawberry 2%; R2: red beet 2%; S1R1: strawberry 1%, red beet 1%.
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Table 4. Total polyphenol contents of patty formulated with various strawberry and red beet powder

Treatments
Storage time (weeks)
Control S2 R2 S1R1
0 24.53+0.01" 29.36+4.4 28.61+1.824 24.85+0.76"B
1 23.03+0.15* 27.2142.58 27.21+1.67* 28.93+4.14
2 21.0441.748 22.44+1.29 23.14+0.15° 23.14+0.15B
3 20.99+0.61%° 22.28+0.15° 21.47+0.085® 22.28+0.46

All values are mean+SD.

AB Mean in the same column with different letters are significantly different (p<0.05).
*® Mean in the same row with different letters are significantly different (p<0.05).
Control: strawberry 0%, beet 0%; S2: strawberry 2%; R2: red beet 2%; S1R1: strawberry 1%, red beet 1%.

Table 5. Total flavonoid contents of patty formulated with various strawberry and red beet powder

Treatments
Storage time (weeks)
Control S2 R2 SIR1
0 12.69+0.76 12.69£1.518 12.15+0.01% 12.87+1.728
1 12.96+1.14° 14.83+0.54"B 15.7240.624 15.36+0.76"5
2 11.62+1.51° 12.42+1.148® 15.140.3847 14.29+0.014B
3 14.56+0.38° 16.44+0.76* 16.17+0.38%® 16.97+0.76*

All values are mean+SD.

AB Mean in the same column with different letters are significantly different (p<0.05).
*® Mean in the same row with different letters are significantly different (p<0.05).
Control: strawberry 0%, beet 0%; S2: strawberry 2%; R2: red beet 2%; S1R1: strawberry 1%, red beet 1%.
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o|= ol S7FIA (p<0.05). AFE vl AT, 152} o AE W d2AEY A=
oA S0l o] ol AFE Bt BY] FE=2] P 84 dld 2] &
E9] & Z75E3Er0] 403.96-544.32 mg GAE/100 go] &A% o] W2 o= SRIES Shaokal 3l
kil BT (Bae er al., 2019). FEHE 289 dleA SRIE TR 1.23 ¢ GAE/100 ¢
2 LERo] =2 ARt 2/do] ltkal BA15H9ITt (Lee and Chin, 2012). WA £ -85}, 27
I J7F Al A1) el w2 PRIEAAS UEle HEE AR 4 3k Jos
A=, FErE ZE2 A7RE fEdls v sk § i lolt SRiEHE HE SigkEol

E Bz
g ge Aoz Az

V. 2 <
£ A7 wlof dsuE Bio] 95 wfElo] AR AL 9o ZASn thaTRe
$2, SIRI Aol foI20 W pHghe BAOH, 0540)4 BE Hej7Ee] Tt v
o pHZES Uehiglth RE A4 R2AYE ROlHoE e WS Uekfglon], Rogt
SIRION ROA0R 52 AME ghe ehioek. w87t 2k M g2o)4 e 243
77} RoET ROlHOR B B/1E weton], FulyBola X7} Byt RoH oz
vk H7HE WGkt 3%AOA S2, SIRI Al 77k o Tue R0 R RO HEFFS ek
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itk opge] A7 ANE ErE HYH ] B 1%} ASHE B 1% 95 dele] A7
2 1) TS AT L 5L FHABHS T 7154 BASARE AZT 5 G2
Zoleka ekt
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