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Quality characteristics of rice cookies with red beet powder
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Abstract

In this study, freeze-dried red beet powder was characterized for its physicochemical properties and functional components and
subsequently incorporated into rice cookies at levels of 0%, 2%, 4%, 6%, and 8% to assess its effects on quality characteristics
and antioxidant activity. As the level of red beet powder increased, moisture content decreased, whereas both the diameter and
thickness of the rice cookies increased, resulting in a reduced spread ratio. In terms of color parameters, lightness and yellowness
decreased, whereas redness significantly increased with increasing red beet powder content, indicating a distinct visual change in
the cookies. Antioxidant activity increased proportionally with red beet powder levels. These findings demonstrate that incorporating
red beet powder effectively enhances the antioxidant activity and functional properties of rice cookies.
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S oy % glom, Yuelelol © P Aneh I Rkgol
3}

EHY| Q12 ARV Opuntia ficus-indica), E-Z-(Mirabilis jalapa), =
H|E(Beta vulgaris L.) Y A& oK Bougainvillea glabra)2t -2
A ARIof| ZARIHPérez Ramirez et al., 2015). 3] AAMAE
Al A AlEde] Eids] -S89 (Luzardo-Ocampo et
al,, 2021), ol T WIRE A5 BIFE 7|8t 7FEAE A

ol 7lofgt 4 9 RO W
S 1915 8 AUIE 74 A1 A9, TlololE 8 ol
24 Sl FoAA Pastn glon], Hol & 7HEAEY

2HE gdfisly] el ohget v A& Zido] asiA|r ot
(Kim & Chung, 2018). A7}F= FE2l g, AR =73 E40=
Q18] Q17]7} =Th(Luo et al, 2021). BF7|0] 7154 HEG AR
3 G2 A% HukSa et al, 2023), TRsE T Lee, 2022), i Th]

ol

EdH(Nam et al., 2023), AR5 £ (Na et al., 2022), =23 0|

BukPark et al, 2021) = chekat 77} o]2ojR| T QJck
weh R Apoll AYl AR B8 ks AsHES 5

2% 2 Jez olskeld 4% 1Y B BAE 7, o

5 Bgotol 87719 TG0l U BY S A5} BHS

]

Mz 2 g

MR

2 Ao ARSRE HEHEx AFSEAA T AlFAlLe R 7ot
oI Al E pEoks AlES QYR Flsigith HlEH]
Ex= Aldsto] 2 AAR & 44 271 ddsto] 2127I(FDS
8508, IIShinBioBase, Seoul, Korea)g AR&5}] 72417 AZSE & A
FEZ 100 mesh A2 Ae] 20T ¥R oIk EF7] A%
o] ARgE A FQ1 ¥+ A71F(Daedoo Foods, Gunsan, Korea), H{E]
(Butter, Fonterra Limited, Auckland, New Zealand), @Zf(Deliljoy,
Seoul, Korea), B-d&}(Samyang, Ulsan, Korea), A~FHanju, Ulsan,
Koreay& -oto] A71E AZ5ITT.

gICHIE 22 ot AF7| M=

F=HE 2 47 BF71E A7) 9150 Table 13} 22 it
H|Z A Z3IE AL AE9] HEIS HES7|(SKPMSEWH, Whirl-
pool Corp., Benton Harbor, MI, USA)?|| 931 3Tt &2 587} Z0f
2 7, 893 Ft0] 49 SE2 ¥ EYsKT S| ¥
9T 43 Y A2 AR 3900] Liteo] 39 ST 71 3034
Holglc Aol AZ devlE Babt WAL 2AYE B
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Table 1. Ingredients for rice cookies with freeze-dried red beet (Beta
vulgaris L.) powder

Concentration of red beet powder (%)"
Control 2% 4% 6% 8%

Ingredients (g)

Rice powder 200 196 192 188 184
Red beet powder 0 4 8 12 16
Butter 120 120 120 120 120
Sugar 80 80 80 80 80

Egg 40 40 40 40 40

Salt 1 1 1 1 1

Total 441 441 441 441 414

Control: Rice cookies added with 0% red beet (Beta vulgaris L.) powder.
2%: Rice cookies added with 2% red beet (Beta vuigaris L.) powder.

4%: Rice cookies added with 4% red beet (Beta vulgaris L.) powder.
6%: Rice cookies added with 6% red beet (Beta vuigaris L.) powder.
8%: Rice cookies added with 8% red beet (Beta vuigaris L.) powder.

of WS olitt. FHIE RIS 4CoA 1A 59 B F A
AL F, 1 em FARZ AFLstA Eo] A5 8.5 em 99 7| E2
@01 Wt o]F, 180T 2 o EH QE(XEFT-04HS-ELDP-K,

X S.p.A, Cadoneghe, ItalyyS 160C 2 Aso] 1587 3tk
w"“’rlé AT ARgolA A2olA] 1A 52t HEEt F, 4T
Wgare] Hasto] Addof ARSI

[=HE 289 R A aRSAY
(MA37-1, Sartorius Lab Instruments GmbH & Co. KG, Goettmgen
Germany)S ©18319] 130COIA A& 2 g& AFd1o] SR

9} Fr= Bl 3 gof] 275> 27 mLoj 4]o] pH meter (STARA2115
ThermoFisher Scientific, Waltham, MA, USA)2} 200 pLA GA|
(Portable Brix Meter, Kyoto Electronics Manufacturing Co., Ltd.,
Kyoto, Japan)E 0]-85) =755}t

YIEH|EQ| betalain &2 =4

FEH|E 29 betalain] —f—é Nilsson (Nilsson, 1970)9] 1}

2 A1g3lo] 24sisick AR 0.1 g& S 10 mLo] 591 5
1027} 8 3,000 rpruci A mﬁ AiRe) T AEAL A3
3] 0.45 um filter (GVS Filter Technology, Sanford, ME, USA)&
oja} & 23} 476, 538, 600 nm DA ] BHE 4L
AlSieta vlo] e ETH HdaA HHATALAE Y] 33T
Al(Genesys 180, ThermoFisher Scientific, Waltham, MA, USAYS
o] 85}0] =85} CHNFEC-2023-07-289066). 3 HA] Alo] thJat
o] B A|A % betacyanins¥} betaxanthins®] FFS LA F
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B Aol Heystol & vkl Bk Ftech

2=1.095x (a—¢)

x
=p—z—

Y AN

z=a—x

a = Absorbance of the sample at 476 nm

o

= Absorbance of the sample at 538 nm
¢ = Absorbance of the sample at 600 nm
x = Absorbance corresponding to betacyanins

= Absorbance attributed to betaxanthins

«<

N

= Absorbance linked to impurities present in the sample

A x DF x MW x 1000
e xL

Total betalain contents (mg/kg) =

A = absorbance
DF = dilution factor
MW = molecular weht (550 g/mol for betacyanin, 308 g/mol for
betaxanthin)
& = extinction coefficient (60,000 L/cmmol for betacyanin,
48,000 L/cmmol for betaxanthin)
L = cuvette length (1 cm)

HEH|EQ| vitamin B &3

Vitamin B(1, 2, 3, 6)72] 4<% 9o EEEEE thiamine
hydrochloride (B1), riboflavin (B2), nicotinic acid (B3), pyridoxine
hydrochloride (B6)E A}85}9itt. Fl&H|E Ext 1 g0 0.1 M KOH
€% 2 mLE H7RRE F, 250 mM H;PO, 8% 18 mLE F7}51o]
1587 220 $E5900 324 842 045 pm FE(GVS
filte)2 oJ¥}st ¥ HPLC H-4J0]] AR8513tt. HPLC £42 Agilent
1100 7]7](Agilent Technologies, California, USA)2} Luna C18 AH
(250%4.6 mm, 5 pum, Torrance, CA, USA)& 0]-83}3t}. ol 54 A
L 10 mM H;PO,, 0154} BE= acetonitrile2 ARE-5H91.0H, T
AE 2L 05: 100% A, 5E: 70% A, 10.08: 70% A, 10.1%:
100% AR AAsI¥T 452 1.0 mL/min, Y 25+ 30T, A&
FUFE 5 uL= AN om, UV-Vis 242 tsigdE7]
(MWD, Agilent Technologies, Santa Clara, CA, USA)E- o]-&5}]
254 nmejA HESHT

HEHIEQ| vitamin E &H

HEW] E A4S 98] EREAR DL-o-EFHES ARSI

270

H=HIE B 0.5 gol methanol}: ethanol 2%} -&1lj(1:1, vv) 5 mLE
A7ht] 220 355 10827 3Rt 3, 045 pm ZE|(GVS filter)
2 ofgfsio] 2] ALgSIRTh HPLC 2492 Hlelel B 2403} 5
A3t =2 730, AP (Luna CI8, 250x4.6 mm, 5 um) ¥ 7|&E A4S
A5l om, AY L5 350 A5tk ol5A) A methanol
T} acetonitrile (8:2, v/v), 0154+ B= ethanol ¥} acetonitrile (1:1, v/v)Z
TERoH, BAL thg R0 E ZFSISITE: 0 90% A, 3
70% A, 75 50% A, 125 30% A, 158 90% A. HES UV-Vis
USIES7I(MWD)E ARESto] 292 nmoflA 4-38513itt

HCHIE W7|o 2882 U pH 53

AERE B VIR A7) RS AlRS vkt
T o)y B2 (MAYT-1E o] 8alo] 130T A2 2 ¢4
2 pH ZHL F55 50 mLo] Blfat 7] 712 5 g%
7He 51, SRR 302 52 FUSISERL ofFHINo. 2, Toyo,
Japan)S ARESlo] oj1st & pH meter (STARA2115, Thermo-
Fisher Scientific, Waltham, MA, USA)YE o]|-835lo] =435}3ict

HEHIE EF7|2 HEY X+

Y oH|E A7)0l 1A 4= AACC method 10-52 (AACC,
2000)°fl wet 33) s S 273 S8 71 e L
2 WS F, Lolg 4ok 90° 3)st] U HOR A
Z7gsto] 2+ F710] digt Wt A4S ARl ks 771 S0

ot

2 o} 57 ol 2T ¥, 77] £A1E vho] FATH WAl
A

N

2 2slel 2t 5719 Wit S AEselk

HAA A= 257] 170l e Ho 24 (cmh)
BT S el orek B A (eml)
ME &3

g oH|E A7)0 TS MR}A|(CR-400/410, Konica Minolta,
Tokyo, Japan)= HUE(L*: lightness), 2% (a*: redness), ST
(b*: yellowness)2] g2 3% BHg S7oto] Hrgto= HeRfSL
o} ARSSE O] Lagh a*gh, b gk 93.36, 0.14, 4412 ZF

2 B ¥ AR

HEHIE &R7| FE= HE

A7) Bt 20 ol 70% HERS(vv) 80 mLS A7I510] vortex
mixer2 &3+ 3 1A|7F GAI5I3ICE. 045 pm filter (GVS filter)Z ZE]
3 50 mL conical tube©]] Ho] 20T @5arof] Holo] ARSIt
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gICHIE & 3719 DPPH 2i0Z &S
DPPH 2}t 27452 ARt FE2E5E 5588 SHTE A
& 0.5 mL¥} 02 mM DPPH 894 0.5 mLE &3 5 QHofA 308
o} Bkx|3} ThS 517 nmof|A] B4 EE 2435190 BREA R
ascorbic acid2 AF25}IT) 1j7<47H1~— 0.2 mM DPPH €9 0.5
mLo} 70% HER(v/v) 0.5 mLS Z3tsto] 2745}9ict. A qh— -
blank)/ A& 37

Ae7RAI= 7110008 LA HhE
((%))E l%ﬂ']’ﬂ a, 3ﬂ ]ﬂ‘EIT = ]-OZ] A2 o;”—L%}:J*]' ﬂiﬁ‘qu}‘E
LrEhd Aot

HEHE & 27|19 & B2iHE 5

= e F2H AEE SER Sl4ste] BA5I
’%}% 0.5 mLo] 2 N, Folin-Ciocalteu 8 0.5 mLE H7}5k

A5}l 2% sodium carbonate (w/v) €Y 1 mLE
Qb WRSAIZTE BES - 760 nmojlA S EE
= ZEAZLE gillic acidS ARRSIP oW, AFAS 2
“gste] 3 %ﬂlﬂlé AFS At 7 Ales 39] W S5t
gallic acid equivalent (GAE)/gC2 2FAlo}o] 1

So
nol-n

0 o
|o
_:)
i, O
j;
o%

SAX
BE AYe 5Y20 33] W8 Suslgon, TS B

(mean)=FFHAKSD)Z YERN AT 5914 ASE SPSS (Version
18.0 for Windows, Chicago, IL, USA)E ARE5}o] Tukey’s tests
531 $4331Ic]. ARzt 2ke] olet Aol pe0.0s 0l B
stict

s
Z o 2%

Y EH|EQ| 0|3}5tX EXI

FAAZS HEvE Baro] SE3RE pH, Y= Table 2] U
ERQIT} SESHES 5.2240.07%, pHE 6.18+0.01, FEL 8.20+
0.36 °Brix= UEFGT 2 AtolA AESH BEH|ES] SRR

Table 2. Basic quality characteristics of red beet powder

Basic quality characteristics

Sample”

Moisture content (%) pH °Brix

FD72 5.22+0.077 6.18+0.01 8.20+0.36

VED72: freeze drying for 72 hours.
Nalues are mean+SD.
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83.54%= eI OoH AR 33 Bl ATAOF Sio] A
AR NS AT & %*E} g EHE H7F 4719 (Ko & Jeong,
2018)04] HEB|EQ] $EIFFS 7.46+£0.05%, pHE 6.10+0.17, F
L& 6.66+1.78 °Brix® UERGTE 2 AFo)A SRR Uy, o
T B2 g BYled ol AR YEHIES E5olu Az
9] AJol7t PFE v AoE wekgEch

g|EH|E betalain £H

Y =H]E 9] betalain SR Table 20] YERHRACE. Nilsson (Nil-
sson, 1970) B'H-E 0]-85}0] betacyanini} betaxanthin®] TFS:
3 %, oS T bewlin®] YFS ASSNt FAAZY B
of|A betacyanini} betaxanthin®] 3RS 217} 49.6242.62 mglkg,
23.7441.31 mgkgR VRO, ¥ betalain®] TR 73.36+3.93
mgkgO & VERITE HEH|Ex= & betacyanin (betanin)©.& -
AJejo] ?lom, o]9} $HA| AFF9] betaxanthin (vulgaxanthin )0] 3T
=0} itk HER L 2%, pH, ¥ 5] g3 Halo] wiet 1;174]
Bj=| AL HEE 4= QJthHerbach et al., 2004). SHH HERQA
£ 888 =o7] ¥gt 97KKaba et al., 2024)0|A= betacyamn.J
kL 23.68~702.17 mg/kg, betaxanthin 21.49~467.77 mg/kg, &
betalain®] $EF2- 45.17~1,169.94 mgke?] HAE Bt o]=et 4
e B Aol Ane SA S et

HEH[EQ| HIEHT B

S
F=H|EQ] BRI 243 X133t A= Table 30 UERAQICE 2
Algolx= HERI B, By, Bs, Bs L EE 245t 23, B9 E= A&
x| oolch vl B, SRS 0.09+0.02 mg/g, B,3EES 1.1240.02
mg/g, Bs TR 27.36:0.94 mg/g® S HTHE FFES S
“gotske o vER] BI ES S741E B;, Bsis HEEA] Y9k
™ HIEH] E 22 790] AFo = AZT|TKPark et al., 2020). H[E
o= H[ER B;°] 0.31~31 pg/100 g, HIEF B, 0.27~42 mg/100 g, H]
EF] B, 0334 mg/100 g, HJEF By 0.067~0.07 mg/100 g, B]EFT] E9]
7350l 0.04 mg/100 g k=] U= AT HAUEQITKSzékely &
Maté, 2022). 2 A3} WSS w) BIER B> 9ol SSHAIRE
BHHoE W ES HAANL, B9 Be w2 S Elh HE
9l E9] 7% Ao = EAfolo] HEER| k2 A0 wetHr:. At
of thizt Afof= Al A2 HAle] wE Aot £F X A, A2
Wil I Ao]2 Helrt

YEHE WR7|0| £E3Y U pH

TITOoo
719 524

2 pH Z3K= Table 40 YR} 42551
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Table 3. Betalain content and vitamins contents of red beet powder

Betalain (mg/kg)

Vitamin B group (mg/g)

Vitamin E (mg/g)

Sample”
1

Bs Bs E

FD72 73.36+3.93” 0.09+0.02

1.12+0.02 ND?

27.36+0.94 ND

VED72: freeze drying for 72 hours.
Nalues are mean+SD.
IND: not detected.

o] A9 R control) 4.76+0.29%= 714 =9koH, HTHE
BIRS A718F 2%5E] 4.2740.10%, 4%+ 4.16+0.08%, 6% 3.96+
.06%, 8%+ 3.91+0.08%= UeFGTE 7] AR Al A7F FAl=
of e At W] SEETES S7MIA 99 &9 R
H/do] WobA Wh59] AR L7 #oF g0l Eolte 22
E AA UTHKim et al,, 2021). H=H|EO] 23 HHa= Qsh
A 48 A3 58S e 202 HOlthMitrewskd et al,
2023). & Ao e EFS AAasIoy SAKCE Fofgt
Aol AUTHp>0.05).
pHS] 7%~ tiZH control)ol|A] 6.81:0.02% 7HE A SE=U
o} 2%9] 7% 6.77+0.02, 4%= 6.76£0.01, 6%+ 6.65+0.02, 8%+
6.63£0.02% YEHITE HEH|E B gigo] V1S pH7E 2
2510 (p<0.05). o= HEH|Eo] T FAAKCitric acid), AF
THKmalic acid), OFAF 2 B XKascorbic acid) 5 st 5-7]4t0]
71 5710l et pH7L A o= HSlsh=t] 7|ofet Aow
HEH(Casciano et al., 2022).

BSHIE w370 HEY

95719) W A4 Table 4] Ueigle. 771) 4743} o
WA] B2 71 JEH] B T2 WE 4959 vlg
o] 245 4ol viot MY A4t F1el, v UL Y

2] 71015t Fp] el WYy A48 WD 43S 37

Table 4. Rice cookies moisture content, pH, width, thickness and spread
factor with different content of red beet powder

Cookies

Sample”  Moisture y Width  Thickness  Spread
content (%) P (cm) (cm) factor

Control 4.76+0.29% 6.81+0.02° 8.40+0.04> 0.62+0.01° 13.62+0.36°
2%  4.27+0.10° 6.77+0.02° 8.38+0.08° 0.64+0.00° 13.02+0.22*
4%  4.16+0.08" 6.76+0.01° 8.43+0.01° 0.68+0.01° 12.40+0.23"
6% 3.96+0.06° 6.65+0.02° 8.60+0.05° 0.69+0.02% 12.38+0.47*
8%  3.91+0.08° 6.63+0.02° 8.62+0.04° 0.72+0.00° 11.90+0.03°

"The values with different superscripts within a column are significantly different
0.05) by Tukey test range test.
?Values are mean+SD.

272

Al 4 Qlt(Lee & Jeong, 2009). 2F719] 172 tZ<(control)
0] 8.40+0.04 cm, 2%, 4%, 6%, 8%+ Z}Z} 8.38+0.08 cm, 8.43+0.01
cm, 8.60£0.05 cm, 8.62+0.04 cm= VFEPTE iR} 2%, 4% H7}
2] F2JA1R]1 Ao} IO H(p>0.05) 6%FE 214191 Apol7t
UERATHp<0.05). FA= tiREo] 0.62+0.01 cm, 2%, 4%, 6%, 8%
L 72} 0.64+0.00 cm, 0.68+0.01 cm, 0.69+0.02 cm, 0.72£0.00 cmE
A7Fgo] S713tol wet o= ARk Bt H489 B
T 2320] 13.62+0.36, 2%, 4%, 6%, 8%= ZFZ} 13.02+0.22, 12.40+
0.23, 12.38+0.47, 11.90+0.03°0.& UEliT) F=H|E Hgbo] Sojzt
5 Hio] Ahsh= Aol Ukt o= HIEZIRE VIRt
Holdu] F7](Joo & Kim, 2010)049] H|E 7}£7} 5715 o
/o] AgH ATel YA|jiT

WA Hh B Aol ol =2 =TS U &
TFEE STHITIHA B9 AREE #oldl Ao w3
& TAAZItHBoz, 2019). Nemzer “5{Nemzer et al., 2011)0]] ot
Ed, SAUXI Y EHE= AolHR71 17.2~21.8%E YENLTH
o] RS F5dl BiEE didoH]| ko] /1= Woh &=
A} F71et G= QI3 Y K& % FHo R A Ho] Tl
A0 FhETK Turkut et al,, 2016). E3F A4-8o] AR5 2T
2 A% nU4S AR ZoE Hel

HEHIE &S| ME 3 oft

AF719] M £ Table 59 Fig. 10 Yeict B715
UehflE B% L*ZES tiZ(control)O] 83.53+0.358 7} &&

Table 5. Color of rice cookies according to red beet powder content

Sample”
Control 2% 4% 6% 8%
L* 8353+0.352 66.69+0.57° 60.27+0.22° 55.33+0.37¢ 50.09+0.62°

Color a* 4.11+0.07° 18.74+0.33" 24.33+0.58° 26.83+1.00° 28.68+0.31°
b* 31.48+0.51° 22.14+0.48° 21.83+0.15" 22.76+0.4% 22.00+0.19

"The values with different superscripts within a row significantly different (£¢0.05)
by Tukey test range test.
2Values are mean=+SD.
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Control 2%

4%

6% 8%

Fig. 1. Photos of rice cookies with added red beet powder. Control: rice cookies with 0% red beet powder; 2%: rice cookies with 2% red beet powder;
4%: rice cookies with 4% red beet powder; 6%: rice cookies with 6% red beet powder; 8%: rice cookies with 8% red beet powder.

&S Btk Aol S7FeE Lk Aok 202 el
THp<0.05). AME=E YehfE a*gh tiRo] 4110072 7F¢
wokon Hrleko] Z718RE 8%0lA 7= 28.68+0.312 7%
E2 3 UElth NS Uehlis b*gkE tixto] 3148+
0512 7P =2 7H8 2o 8%0flA] 22.0040.192 F7Fgo] &
VRS bR Aot THp<0.05).

F719] e F2 we WPolA 289 a2 o5 vk W
o] maillard -3 @ caramelization ¥ 23}z 3L7]9] FHY]
Aol JFS wrom 7] AR A] AR QAL PR wh=
ThLee et al., 2007). H]EZ}FE 4713 ME(Seo & Ko, 2014) &
TN 71l SRR LAY, bk Akl avghe S7F
Sk 2E UehiloH, 393 HIES 3713t e (Cho & Choi,
2010) 59 A= 2 AT} FARE AFFo] FEHA

HCHE WRF|O SMEH B U B2NE B 2A

=
(= |
F=H|E B2 H7} & F7]2] DPPH radical 427% 274 2}
L Fig. 20 UERYQIt}. DPPH radical AA% A3} thZ5(control)

120 -
® 1000 pg/mL

loo | @8000pg/mL

80

DPPH radical scavenging activity (%)
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Fig. 2. DPPH radical scavenging activity of rice cookies prepared with red
beet powder.
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Fig. 3. Total polyphenol contents of rice cookies prepared with different
levels of red beet powder.
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