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ABSTRACT

The purpose of this study was to evaluate the biological activities and quality properties of macaroons made with GABA
rice powder and xylose. GABA rice powder was added to macaroons at weight percentages of 0, 2.5, and 3.5%. Hunter’s
color values (L*, a*, b¥), total sugar contents, total phenolics, ABTS and DPPH radical scavenging activities, textures, and
sensory characteristics supplemented with different xylose and GABA rice powder contents were measured. As the ratio of
GABA rice powder in macaroons increased, total phenol contents and ABTS and DPPH radical scavenging activities increased.
In the texture profile analysis, fracturability and brittleness were lower as GABA rice powder content increased. In the sensory
evaluation, significant differences (p<0.05) were observed in color, sweetness, texture, and overall acceptability depending on
the addition of GABA rice powder to macaroons. Overall qualities of macaroons were different from GABA rice powder and
xylose added ones. Therefore, xylose and GABA rice powder may be used to make healthy macaroons.
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Fig. 1. Preparation flow of macaroon-making process.
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Table 1. Recipes of macaroons added with GABA rice and xylose (2
Tant Pour Tant (T.P.T) Meringue
Samples Total
Almond powder GABA rice Sugar powder Egg white  Egg white Sugar Xylose Water

C 500 0 500 180 180 500 0 125 1,985
GABAO 500 0 500 180 180 450 50 125 1,985
GABAS0 450 50 500 180 180 450 50 125 1,985
GABA70 430 70 500 180 180 450 50 125 1,985

C : Control (The macaroon without GABA rice and xylose).
GABAO : The macaroon added with 50 g of xylose.

GABAS50 : The macaroon added with 50 g GABA rice and 50 g of xylose.
GABA70 : The macaroon added with 70 g GABA rice and 50 g of xylose.
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b oA BT WAIE 3E 1 mLE 13]% cuvette
o ol EFF=A (DU 530 spectrophotometer, Beckman,
4300N, Fullerton, USA)E ©]-€3l°] 470 nmell X SF=5
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pLE o] £33F & Folin Ciocalteu phenol reagent(Sigma
Chemical Co., St. Louis, MO, USA) 300 uLE 3 7}slo] 5%
E<F mRESHATE o] % 7% Na,COs &4 900 uLE 7kshe] a
Wk T, SRS 250 wL= 34 E & 93-S 23Tl
IAZE S Aol A AN & dsdde 24 3=
Al(DU 530 spectrophotometer, Beckman, 4300N, Fullerton,
USA)E ©]-&3to] 765 nmollA FF=E S48, gallic
acid(Sigma Chemical Co., USA)Z 0~500 pg/mL(*=0.999)2]
HeolA 2dste] EF8N AFFAAS e F AT whe
2] Ajtel] ofglo] F wls S ALl & vl e
ng GAE(Gallic Acid Equivalent)/gS 2 $Halslo] E7]6ld )
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2752 Yoo KM 5(2011)9] ¥l wtet S 5613ieh =}
71 2A%E 5%317] $18ked AAPH(2,2’-azobis-(2-amidi-
nopropane) dihydrochloride)E 100 mM PBS(phosphate buffer
saline)ol] =] 1.0 mMe] FE& AlekS ARSI 1:19]
F9H| 2 ABTSSF AAPHE 412 5 702 22004 40
B AT 9-3AI7] FH BEFFE=A(DU 530 spectrophotometer,
Beckman, 4300N, Fullerton, USA)E o]-&38lo] &4=7} 0.70
+0.027} H =5 245tk 359 40 pLell ABTS &< 960

£ 9ol 37T F2FxolA 108 It ¥-3AIZ1 F 734 nm
AN EF=S =3t TS WEhS 40 ulL 2 ABTS
9 960 uLE o] 37C F2F2olA 10F 1F 5HgAIZ &
734 nmel FHES o4

ABTS radical scavenging activity(%) =

1—(Sample absorbance/Control absorbance)*100

6) DPPH X77| &7 s §F

DPPH A-77] &27%5S S%3817] 918t 4x10* M DPPH(
1,1-diphenyl-2-picrylhydrazyl)(Sigma Chemical Co., St. Louis,
MO, USA) &9 THEo] AFE-3ITH Yoo KM et al 2011).
oluf 231 8- 200 Lol DPPH &4 800 L= 7}st] 10
Z AT deelA A £ 517 nmellA 3 =E
=335tk xS We-2 200 Lol DPPH €9 800 L
£ 7hstaL, ZgeelA 102 3t A 5 517 nmel| A 33 33
ZAI(DU 530 spectrophotometer, Beckman, 4300N, Fullerton,
USA)E F3EE S5l

DPPH radical scavenging activity(%) =
1—(Sample absorbance/Control absorbance)x100

npFbEe] 227k E2J-& Texture analyser(TA/XT2, Stable
Microsystem, U.K.)& ©]83}o] TPA(Texture Profile Analy-
sis)oll 2J8l =ttt viFbEe] A7|(AE 4 ecm, =°] 1 cm)
£ <3 & H probe(P/75 “Compression platen” 75 mm
radius)©l] tHall pre-test speed®} test speedS 1 mmy/s, post test
speedE 5 mm/se] =2 A7 11, trigger force= 15 g&
2 A3t A8 FHRE 712 713 (brittleness),
B3 A (fracturability), 73 =(hardness) #%-= 58]0 AA Wt
= 45
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EA 2] SAS/STAT TM User's guide 8.0% Z& 18-S
o]g3sle] EAHEA(ANOVA analysis of variance)¥} Duncan's
multiple range testE 4733151 3L, Probability values= p<0.05,
p<0.01 S B4 53k,
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W7t g Ao wE ek 7kRE Hrtsta &)
Az 2E5 713 GABASO, GABA702] 739, W= Fko] 78.2
784% 1 WolAE A& & F ATk AL e &
G I e B P i S 7“:'4*:&%74 ST
ot o] Xgk fram]e] Al shupto] Az nirlgo]
T2 7HaA7] Ao & HIthKim EO ef al 2008). 24 %(a)
o] A% RIS 3.8, GABAO, 50, 702 6.1, 4.4, 4.69] A4
T5 Kol wege] FAER] Aee] K-S AU AR A
Y= Wl ATt STt = A Hole AR YET

Wi, Zhepaa Ad 25 A Arkebd A et A
At F, AL w22t 7hapbd 7ER Y alghgo] A A E(a)dl]
O B2 JgS = oz Helt) 3 (b)e] AF
2 2012 7P B FATE YRt AL 2 AR A8
dFEH il A7k 7% 3728 el HlE) ol
RS B o (p<0.05), AL 2~} hhpd 7RE B
| A7keh oA E 3312 HolAE S Hygom=,
drxot 7hpd 7S] A7) vipkee] HAAQ Ax
= AS & 4 AATKTable 2). 21F2] 241
sl 2% AR & & A5 v 7heh vhE(ca-
ramelization)®} T o] ojn|w-7]9} o] LdHs| =7} vk-E-
sto] ZAALE YEhl = who]ld Wh-(Maillard reaction)
(Maillard LC 1912)°] it} mi7}2e] 2SS A 2 ~¢} 7t
2ol H7re Zhepd wkg-vh T o] ofn| 7] 9f o] Ut
s|=7] 3] mpo] ¢k Rk-go] FXE|o] mirtEe| Mo FiF=
nxE Aoz A Choi ID & Ahn MS(1995)& AH
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o} 2Ast7L wEA dojwrt. gk rhupbd 7HeE Hrhe A
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Table 2. Hunter’s color values and total sugar content of macaroons with different GABA rice and xylose contents

Color value Total sugar content
Samples
L b (mg glucose/g)
C 93.2+1.0%" 3.840.2° 29.1+0.2° 7221442825
GABAO 85.1+1.0° 6.140.3 37.2+1.1° 597.42420 44
GABAS50 78.2+0.7° 4.4+0.2° 32.4+1.0° 600.06+10.10°
GABA70 78.440.8° 4.6+0.1° 33.1+0.9° 558.25423.11¢

The abbreviation is same as Table 1.
Y Meantstandard deviation. n=5.

*7¢ Values in the same column that are followed by a different letter are significantly different (p<0.05) by Duncan's multiple range test.
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0|91, GABAO, GABAS0, GABA702] 73-%- 597.42, 600.06,
558.25 mg glucose/g o 2 AHo] dHE AL 227 Ag
of wet F Fo] ALt F G TEGS ETEAR
S o2, AeS AdEa=2 A 49, 22T &
o] ol wet F Bol AAEUS AR Al HT Lee
MW 5(2015)°] oJshd At il A Z=e] 32l Ad2ss

A S W vbee] & 9 el Aadtial s,
B AFoME AL R 20 np7EA = 7apd 7hee] Aot
of Wt F I Fdel daEATh

N

O

oz stat

A m o} 7hpE 71Re] ke 2l rhkee] B
Hz g A= Table 49F 2ok i 2(C)9] 5 Hls T
< 100.52 pg GAE/g, GABAO 93.04 ng GAE/g, GABAS0
138.73 ug GAE/g, GABA70 146.55 ng GAE/g o 2 Vel
i ztol] Hlste] Ae ol Ad =5 Hrlslsls W % 5
= ko] o Aastl ot foH o)A = Fsken, Tt
2 7S 71wt F ds el vlEF e w St
Ak 7HPE 7HRE 7R rpbee] dlEaaEn T dls
gol & o R Yehgong e &g 7|Fo R Hwst
HH 7 71E7) ol E JHREG % Hs ?5‘%1
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SUEE AR AE FFE AL A5 B

o= o Fert

3. ABTS, DPPH X}77| 27H&M

Table 3. Texture profile analysis of various macaroons

Texture analysis value

Sample

Fracturability (g) Brittleness (g/sec) Hardness (g)
C 1,857.42489.32%)  3,777.55+351.11  4,534.514+312.00"
GABAO  1,822.00+64.58"  3,872.54+328.26 4,501.33+111.13°
GABAS0 1,699.77+58.17°  3,844.824332.46  5,066.65£272.51°

GABA70 1,631.61+23.65"  3,551.36£103.52  5,211.45229.18"

The abbreviation is same as Table 1.

) Meantstandard deviation. n=5.

*7¢ Values in the same column that are followed by a different
letter are significantly different (»p<0.05) by Duncan's multiple
range test.
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Table 4. The total phenolics, ABTS, and DPPH radical
scavenging activity of various macaroons

Total phenolics ABTS scavenging DPPH scavenging

Samples 0 GABlg))  activity (%) activity (%)
C 100.52+5.01<Y 50.3£1.9° 54.542.2°
GABAO 93.04+11.13° 50.2:41.2° 55.2+1.0°
GABA50  138.73%1.06" 63.0£1.0° 67.242.1°
GABA70  146.55+8.90° 69.545.0° 71.6+1.0°

The abbreviation is same as Table 1.

Y Total phenol content, expressed in micrograms of gallic acid equi-
valents per 1 g of each samples.

? Means of ABTS and DPPH radical scavenging activity on 1
mg/mL of each extract. The abbreviation is same as Table 1.

3 Meansstandard deviation. n=3.

*7¢ Values in the same column that are followed by a different

letter are significantly different (»p<0.05) by Duncan's multiple

range test.
I\
Control GABAO GABAS0  GABA70

Fig. 2. Picture of macaroons made with GABA rice pow-

der and xylose.

C: Control (The macaroon without GABA rice and xylose).

GABAO: The macaroon added with 50 g of xylose.

GABAS50: The macaroon added with 50 g GABA rice and 50 g
of xylose.

GABA70: The macaroon added with 70 g GABA rice and 50 g
of xylose.

nl7}2o] ABTS9 DPPHE] A7) &7 84S Table 49+
A2t} niheo] A 5 AL EAE A 75 ABTSS
DPPH AH17] &5 diZadl sl f2el&Ql Zfelzt gl
Ao}, b 7S st wal S ko] Skeke
S Bt B Afox ABTSS] &4 A3}, 272 503
%, GABA02] 73-%- 50.2%, GABA502] 7% 63.0%, GABA70
o] A9 69.5%% EA%ck T3 DPPH AH-57] 2A%
Z7+2] 749 54.2%0°]90 24, GABAO, GABA503} GABA70
o] Ag-olE= Zbzt 552, 672, 71.6%=E 78] 71apd 712
ol T7Fee wet Ao B AT 2T #e
Btk dad ol maH o ZEE Pikslsol dEF=
FH, Ae, X=d, AL 229 AR JAksH o] Hhadgtt
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1 &1 EH(Choi et al 1995), ¥ AT L dete] RS
AL g~z A g nptEe] Az sz Qg gaksby g
Ao e A ggromg e migo] Aog /\}E%D} ul

W, 7k 7beE b wibee] A F dls e o
o] ABTS, DPPH A7) 27% % /| Vehgonz 2
Az ~HTHE Jhpg Jh2e] "yt nlgbze] daksly =
7ol 71T} =& Aoz Addr) olgjd A7 olRe
7hRe] dRE EAZIRR WA vlkge] dxzl vlg
Grkaido] = Yelgthe 23K Lee MW er al 2015)9 &
2|8k th

P

=324
Az ssh b AR A RS 2A0E &
B% A3 Table 37 2k whAbEe EA7e PAEA
(fracturability), 713/ (brittleness), 73 Z(hardness)2] 37FA] &+
B2 e 2gs9rh $ARA A%, tEHOe] 185742
g JERL T, GABAO®] 1,822 g, GABAS0°] 1,699.77 g, GA-
BA70°] 1631.61 g© & FA=o] A2~ g 7 7125
Al A7kshe A-tole nhbee] FAzgde] o= A
2 BAGL ARAAL Ad 2~ Hrbgo] gzl v
oﬂ e 3k B913, GABAT09] A foll= freldoz A
st o R et ojelal AnRRe AR 2e vt
2ol AL SN GBS T, 9T oo s
A RS Aol Al AAAE A2 E AT
Holz Aom ARHIHY. Adxeol &4 23, dixdol
453451 go & 7P e EAXE BATh AL =29 7t
2 WRE WA AUl AE7F F7hEo] GABASOS
4,866.65 g, GABA70S 5,111.45 go. 2 Z7letqich =, 7hqt
2 7V RR ol EVFRE diAlsh FAFdo] volA| o, A
T 7l uhet tizewol Hls) HA x| ded e
7} 7V S B3t} Heinze P & Isengard HD(2001)<
A3F AHT g A He 87 ke 77t 26. 67%, 29.46
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Table 5. Sensory evaluation scores of various macaroons

w1 Az Al b RS AL R sl Aok BE B4 5499 e B9 B 97 827

‘—’er x=d % MR ger e Zot 7 bgE o] dHA
(isomer)Ql Aoz deix Sl=dl, Astd] 4 J/}‘;h%
EET2 ArRo] E(invertase)ol| 93l 7R T4
o7 Qe Fa7F il =7 wEolt) ol2g A=
7hapd 7H A7kto] tizatel] Bls] At ZFlde
w1, At A velthe 23t TR 4T 2
871 Sk &, Al vl 7 ?5”*0] < A =m0t 7t
g 7H 5 ke nplkEe] Ax
o] HkZo] @ BojA] HxE = %L
733t e Qs WRFxET
tlA 719lshs AR AlsdT 1
=7t STVl HH o] =R =
*J(cohesiveness), 7343 (gummmess)d%
oAt AATE 7etell S LEH(Peom JW 2013), 7}a}
2 7HRe] Hrbe B AgdA S gL thE B
EA deliF e S = 7ol e B o= o/dHrh

=

—

5. HSZHA}

AR 220} 7Y 7HE A7M S 2RI 478K kel
Al(color), TH(sweetness), A3 BH(nutty), %] %.L(tex-
e), 44 713 %(overall acceptability)e] & 57} H&
%3t A7}= Table 59F 2tf T34 73401]
L A3} 47}7] FEoX EAR O T
@ o2 ¥, He] A9, ool
GaBADe] /3 e Ao gHsiglon felio)
al 7hapd 7427} 74 Bl

g

GABA70°] 7} CHET Ao &2 A EATHp<0.05).
Ae FARQl 7hpd 7k M7t whe Wmrt
Z-%“jb”_, HAwe}l FATT} F7lhe Ao Yehd Ax
Ao} e wgkel Ao AlgE o) vhute] 3

Sensory evaluation

Samples
Color Sweetness Nutty Texture Overall acceptability
C 5.9+0.3") 6.3£0.3" 5.540.2 6.1£0.2° 5.8+0.2°
GABA0 6.2+0.2° 5.7+0.1° 54402 6.0+0.2° 5.340.2°
GABA50 4.8+0.8° 5.6+0.3 5.640.1 5.7£0.2% 6.4%0.3"
GABA70 4.7+0.4° 5.5£0.3° 5.540.1 5.5£0.2° 6.5+0.2°

The abbreviation is same as Table 1.
D Meantstandard deviation. n=10.

#7¢ Values in the same column that are followed by a different letter are significantly different (p<0.05) by Duncan's multiple range test.
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