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A Study on the Development of Cooked Rice according to the Different Coating Ratio of
Yacon(Polymia sonchifolia) Root and Its Antioxidant and Sensory Properties
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Abstract

The objective of this study was to develop functional rice coated with yacon roots extracts and to evaluate the antioxidant
properties and physiological activity of rice coated with yacon extract. The washed rice was coated by spraying yacon extract
at 10, 20, 30, and 40 °Brix and dried at room temperature. The moisture contents, color changes, antioxidant properties
as total polyphenolics and DPPH radical scavenging activity and instrumental texture property and sensory evaluation change
in the yacon root extracts coated rice and uncoated cooked rice were observed during 3 days of storage. Increasing the
coating concentration was associated with lower color values(L value) and moisture contents. Total phenolics and DPPH
radical scavenging properties generally increased in the cooked rice coated with yacon root extract more than the control
(non-coated rice). However, D-20(20 °Brix of the yacon root concentration) resulted in better textural properties and sensory
overall acceptability in cooked rice on 0 and 3 storage days. It was concluded that the optimum coating ration of rice and
added functional yacon rice were 20 °Brix and 7% respectively, in proportion to the total weight of raw rice.

Key words: yacon root, rice, functional food, texture, polyphenol, sensory test.
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Al Eo] tigt BAlo] AlFH o2 F7)slal Qith o]¢) B Eo
Ay Az Eo) Aofet Ao AZAEFY] Balo] F7hEL

UL, 7154 AES TR M= AE &0 BT 8

7F S7FE AL SATHChu 5 2000). 2 p-2ute] A7d7]s4
F Ao whE AL ska I i 10% oAk Astar 9l
o HIE I ) otk(Yoo & 2005), 7154 A& 9%

B7F 4 7154 Bt vEE AdEjolth
Ok (Polymia sonchifoliay2 dolH 27} QA Z]‘Z]O] =
elulole} =7t LaAoln, PolMelR Al Az, Wel

o WA Lokel v, ARE BRI A8l
Chlaya 5 2002), ofRe YAOR Tew vlet Zo| ofto}
AF sm @to] var, atnpE o @i, ES 7heke] 2
sk Ayt 22 ko] U=t B=7) Eot 4§ = 77t
=L A A o|th(Elsa Zardini 1991). ofF Bgjo= T ELT
THGF>~GFi) 50| o= FH=o] Ql=dl, 8 AFod=
AL 71202 60% o4 Fa5o] AthGoto 5 1995; ltaya
T 2002). ZHELZZ UGS AA| WollA AL &3 K=
e A AR A AN, W @R Tt
A ALF AF Sl ArA= ARESE7] FTHQuemener
5 1994; Romina 5 2003). 3tH, ok gt = A+= &
7] S 8 FEE9 A E FAgA ol HE Aot
Aol vx= FEFel gt d-HChoi F 2007), ok U=
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5 2010), oFE WelF o83 A% W 2IE AL 5 A7
(Lee 5 2010)7} BaEo] ik, of2 Pelt Bels)x 59
AESIA] AEo] FX35]131(Simonovska 5 2003; Yan 5 1999),
oF Q9] B 32 80| P BHS Uit Ao= Hu
Hol(Goto 5 1995), UL Fol M ok 92 ol 43 1R
g WISo] 7154 A BT GrkAybar 5 2008). 2
Sefuketold A7) AR okee A o] st
of B7|%, U, AT AGA AT gom, i
Sgjo] Z7hgol uheh ok ol g3 W, F4 T 7HRA
Fol Ao AMgET Yk

Sefuete] 420 Be AR 7 259 201%] AT
She B7ke] F8 ASYUOITHMAF 2008). 32 2§57
Y SO A Aol ARHT glo] g A1 B FL
Sqmel gio] golsAck olo] F4k el A Y
o) FF M 7HE 71 HS Bestel o] FA Pl
2753 gk BF Seutet 20AES 25 FB ¢

Bol Bt AFE HE £A37] S8 tha 7H2o) v
S ool B3 Pl AS TSt APl T
) =

wheby B Aol A Sk ofE el £ ol§3t
of 7154 HEE TR okE W) F59 1Y AL 1F}
of, 715HE HYT AES Axdto] Al OFE B
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1. M8 1=
B AF] AR of2 Ml A= FH o)A A
A 20099 19 F5te] ATt AL WA F op
we) kg 2EAL 5EW F B2 F4ste] 212} 10,20,
30, 40 *Brix7} E)7] B}Aale] ZHl = QubuiRo] B A,
©m7), stz vhE, 48)E EHlste] et

oiff

2. O H2| F=Y

ofE M2 100 gofl oEhS 500 mlE Y1 25Tl 4] 3AIZH
S<F WHKJung Do Science SI-LINC-1008, Korea, 100 rpm)3}
A 33] WHE 32&3ko] Whatman No. 2 #2223t of
= 25 I AYEAE o83t FF3ATE 5 Al o
$o] ) S siglon], FHAE B2 s|4jslo] & T
ARgE 34N 9] = °Brix A =A|(Brookfield digital visco-
meter, Brookfield engineering laboratories, Inc, USA)E ©|-&3}
of 2k2F 10, 20, 30, 40 “Brix® OF W] 2EAL 5)4]3}o]
wrEol AMgsheh

d

29 % Az 9 FY 97 601

3. O} %3] £59 [E & JjZ
z}7} 10, 20, 30, 40 °Brix 2 3]4]3} ofZ Ma] 2z
& Quh|(Ro] H& W, S FE7))o] THste] ofE 3
AzSGT B Aol AHEE ofE 2T Y A=
che Tt 2k ACE 2 ko) H1&0] %7t H7) SAE SE
H7Hste] 100 pme] SER A AN UA ofE Be)
Zolo] 5 Wmin®] $E2 TP shef 108 B BE
7] 2
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12 ok o A

Ok N o rlo mlo 12
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4. OFE %3] £5% 3 4yt M=
obE TH 4 500 & Fste] Hujo] 120)0] B Fslo]
Z71¥r(1H-20H, 1.8 ¢, LG, Korea)Z ©]-&3}o] ¥ Xttt
olu Ztzte] BE e SASHA G wiE B& Wrlstol

zelstgom, A3 Al YAIYE stk Ave 258

5. 3
obE FY A 1 g Fste] 24417 AL AZWE ol§3}
271tk et ob 29 el S W A
3t =A] Moisture balance(HA 300, Precisa, Dietikon, Swizer-
lnd)® $EE SHTA0N, 34 T UL 300 g 2AE

Gol 84 A7) 2R0] BT EAE Yok 20T F&7]o)A

1
22t ABE 427} 398 ZAste] BRNE ARtk

o IY AN 2A7E EA8t7] 3| Texture analyzer
(XT-RA Dimension, Stable Micro System, England)= Table 1
9] 27 S Z TPA(texture puncture analysis)S A A|SFRTE =
A7 B4 ASE ARE WAL 10 g& AHESH] 33

Table 1. Texture analyzer measure conditions of the
cooked rice coated with yacon root extracts

Instrumental measurement Condition
Graph type TPA
Force threshold 25.0
Sample area 500 m
Dist. threshold 0.80 mm
Speed 2.0 mw/s
Pre test speed 7.0 mw/'s
Post test speed 10.0 mw/s
Distance 10.0 mm
Time 3.00 s




602 o

wustel BEAE AESGT ARE FARAL ) @
o] %] = force distance curve 25 E| texture profile S At&3}o
73 = (hardness), -3-7] A(cohesiveness), F-ZA](adhesiveness), 7
A (gumminess) T} g Al(brittleness)& A3 2= |
3] 24 Al two biteZ o WFPL 70%= 3Fch

7. JE Mol Mz £H

HH AN 10 g& TAEo] FAHE E3FAAA|(CM-3500d,
Minolta Co., Ltd., Japan)Z F¥ D65-10°9)| 4 Z7J3}o] Hunter
AAHAI] (B =), a(FAE), (@A E)2 FABHAT

8. & EflH= &2 =3

% Za)9& =2 Folin-Ciocalteu B} (Singleton 5 1965)
S 98 HPsle] A5Gy T ofFE W I B
50 mQ] &l FA Bt 5 g9 AlRE Y1 yEe/3
A YT maretsich 305 Sof 300040l A 1027 ¢
AEYET & AF5HE Ak Alme 22 PHeRE 3 |
o FE3HY L, F ASHS 250 mb Fube SutAa o] 3
3 F 22 §ilE 100 mi7} =A 2ok 542 da
ZX 27 314 30T =2 3t 5534t =53 ME
o =

of

2 Z HE TqF Ao A5t AHgsHgitiMiller KB &
2006). 34 ¥ A|2Y 5F2 FF572(chlorogenic acid: Sigma
Chemical Co., St. Louis, MO, USA)o]] 9 m{ £/54E 42 3
wEst 382 & 1 ml9 Folin-Ciocalteu phenol A]2F(Sigma
Chemical Co., St. Louis, MO, USA)S &7}sle] s}t
SE 3 7% NaCO; €9 10 mlE 7}ste] muksha 25 mo)
SRR 4T T 23 ToIA 08 B FAAZT AT
S BT A(DU 530 spectrophotometer, Beckman, 4300N,
Fullerton, USA)E ©]&3}4 750 nmof|A] SP=5 A3
;. £ #Hl& T2 chlorogenic acid(Sigma Chemical Co., St.
Louis, MO, USA)Z #& HF JA& AHAdsto] A4tstgla,
100 g 5215 tigt mg chlorogenic acid(CAE)Z YEF L
c}.

9. 1,1-Diphenyl-2-picrylhydrazyl(DPPH) AI7| &HS
&x

Chu 5(2000)9] ®io] whet of He] I8 A9 s=d
3449 02 mlo] 4x10 ' M 1,1-diphenyl-2-picrylhydrazyl
(DPPH : Sigma Chemical Co., St. Louis, MO, USA) &% 0.8
mE 7Fsto] 1027F Sebar, Ao A 1087 WA] & 517
molA FF=EE ST 2L HWEE 02 meoj
DPPH & 0.8 mtE 713t & AF20fA] 1027 W3t 5 517
nmo)| A &3 =(DU 530 spectrophotometer, Beckman, 4300N,
Fullerton, USA)E &A3t Ao2 3t

K3 A FIFHA

DPPH radical scavenging activity(%)=

1—(sample absorbance/ control absorbance)x100

10. ST}

ofF Wi &9 FY ko E IY o] BeHAE
oheat o] =35ttt WS 10 ¢ dalH 87]of gof ¥
o] &7} FA1E 4 A 1HE trayol] Wl o, AA3HA
GrRE 2ol T HUHOA Asstath Brhe #e %
7b 22 vho] A |, A, B2, F3E 7|S=g Hrt
R, 784 Hzyoz AAEgch. HriEe I5AA
o gisf 27t S48 24 FE9| EXo] 2 o=
toch #eB7Hae AFFgstat dstdd 208 A%
3to] o] A Y EHE Aysta, ZF FEo| g ofjy]
THE 33 AZ & TEB7EE AASHATHIshii 5 2007).

o

ol oo]r Of
T

o,

1. 4 A2

2 AEE Tl &2 279 FA A g+ SAS programe
AF8-3}9 2, Duncan's multiple range testS A A5l A&7
BRI HIAE AU BAAUE SASSTAT ™™
User's guide 9.0 T2 WS o]Z3fe] BEAEA(ANOVA
analysis of variance)3} Duncan's protected least significant diffe-
rence tests ©]-83}o] A A3} TE Probability values+= p<0.05
Zzol4 sjAlstaT

2 W DE

1. 38 4 Y 3E wuo| £ 3
Wt o] EAo) GRS Fr AR F S8 Wkl
o 71 %8 QolthYoo 5 2005). & U

2902 47H1) ZACE FEt] o] B Ao 2
Y w3 59 Y SE 24 ATk Table 29
A7 HRE AET Aol FL
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Brix® Tgste] GHE 7Y BO| 2E FFS 7YY
Lmr} HobALE Zk7b 13.64, 13.50, 13.49, 13.42%9] =5
FHE Hol, TGN FE7} Bol AT S8 Fapo] i
s Ao Uehdth Wulo A4S Ao S8 G
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Table 2. Moisture contents of raw rice and cooked rice

Table 3. The color of raw rices and cooked rices of

coated with yacon root extract (M=£S.D.) coated with yacon root extract (M£S.D.)
Moisture(%o) 13) Color
H - - Day Sample”
Sample . Cooked rice Cooked rice L a b

Raw rice 2 " .
(0 day) (3 days) YA-0 74.5+0.3 —3.0£1.0 4.2+0.0
YA-0 13.72+0.23 62.4243.057 60424255 YA-10 67.4+0.0° 0.7+0.0° 6.9+0.0°
YA-10 13.64+0.14 61.08+2.52° 59.83+2.23° 0  YA-20 66.9+0.1° 1.1£0.0° 73+0.1°
YA-20 13.50+0.11 61.002.01° 58.96+2.41° YA-30 64.2+1.0° 2.040.7° 17.4+1.0°
YA-30 13.49+0.27 60.60+1.33° 57.03+2.00° YA-40 59.0+1.5° 3.2+0.2° 18.9+0.1°
YA-40 13.42+0.33 58.21+1.28° 56.13+1.02° YA-0 63.0+1.1° —13+02¢ 10.0+0.0°
" All mean values are triplicate determinations, YA-10 55.0+1.0° 0.4+0.0° 12.8+0.1°
? Values in the same column by a different letter are significantly 3 YA-20 52.140.9° 1.0+0.0° 13.6+0.3°
different(p<0.05) by Duncan's multiple range test, YA-30 50.941.2° 3.2402" 14.4+0.2%
YA-0: Control(The washed raw rice), YA-10: Coated with yacon YA-40 45.040.8° 5.6£0.1° 19.6+0.6°

(Polymia sonchifolia) extracts of 10 °Brix, YA-20: Coated with
yacon(Polymia sonchifolia) extracts of 20 °Brix, YA-30: Coated
with yacon(Polymia sonchifolia) extracts of 30 °Brix, YA-40: Coated
with yacon(Polymia sonchifolia) extracts of 40 °Brix.

ato] = TE) BHE YA-10, YA-20, YA-30, YA-40L 62.42~
5821%% IHY Fr7t gobdes IY AW 8 I
o] Ztadh= Ao E Yehth A% 3Y FoF I8 Ako] 4
£ e A% A9 22 235 EHaL, YA-00] 7}
A =2 60.42%, YA-400] 7H 2 56.13%9] 4B S
UEhlich Ahe Xe 50 R AF7Izke] edgs
£ nbe] i ghgo] Zadks Ao 2 Ueht AA7|7to]
SHHFE B HEY wesho] o3t lto] FaEs o
et 39 A3t 39 el 2 3 s 2 E 2
C AFOR ofF W] 22N FrI} EL4E S8 IF
o

ks Ao et

2. OFF %2| &% [E Ao| Mz s}
HE2AH(YA0) T ofZ W2 F2Ae sEEs 39T 2
g Aol A WSk Table 33} Zth YA09] A4S (%)
HH

gol 1452 Y B 537
BTt RS 1Y W W AL AF0D)Y HEE 599
BE7} RS S LEH(HE)L SobA 3 agh(H A=)} bk
@)L 7Y $F0] FHALE F7HoHE Ao ekt
ok &, o) Mo] o EYA T AMEL FrsHe Aoz
Uhehich RS 39 BOF AR FE A 0w} 2 4
= wot P nerh 55, 9E g9 49 gk H=st )
$ AAM Aol mek WY Mo] o E YA Ao = ekt
ok TR 5o} RObUSE ofE Wl 259 AN A7
91 wRAAo] Z7huo] YA eS| e Aol wlako] A
=9 Ass} Fte AoR AREtt:

Y All mean values are triplicate determinations.

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

? The abbreviation is same as Table 2.

3. & EalHis &2 Y DPPH XIR7| 2745
of Wt metE g ug Eelul el £& 2

o2 RIEYI(Lee S 2010), EF FAFJHE £ Ao
238 B} 9rMoon 5 2010). £ Ao AL ofF Me] 2
2ol 3o W2 Y Wo| F Ze2jviso| Gkt DPPH A
|7 2A5E LolREtHTable 4). YA-10, 20, 30, 409] &
Zo Y= TFE 247} 535, 854, 94.0, 1124, 130.1 mg%= =
L FEo SEole AYUSLE F v o] 27t
£ Ao® Uehyth 58], YA YA109] & Zejus ¢
%

o] 30 me% ol4F Aol & Mol 5 ofE R 2&No] F
£2 3 el Wl foldd EoE SR
UERtT DPPH 2-47] 27%5% % Beldus) 2
Aoz 38 FHolo] TSRS 497 2750 &
to] @4taHdol Skt A= Yehgth 22y DPPH
AsE T E9HE TR Zol7t 2A vEhdt
ot F Eg¥=e 7154 AEY E4S dEst=
A JECE F Y AEY A0 =9 gt A 2
HZ& ayo s A|AsHE 8% 7H phytochemicalso]
THLee 5 2003). & A3 AN E 2oz AREH &
AA| Hek ofZ ] 2E5H A7 Ao 2457] &AF 0| Eof
A AL 2 Yeht Aikstdo] 71 Aoz 7|didth &
gHizo] & FAS A= HIAYUES oFF] A5 @A 9
QAL olo) thgt AFAEL e F4tEE I 1A=
Aoz Pzrstal IthGu 5 2004). E ofZol= E2jHE ¢
e "YYE FAATIL, ALAHCZRE Wi E HF5H=
Akl B3 2l chlorogenic acidd} ferulic acid= &9 12
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Table 4. The total polyphenol contents and DPPH radicals
scavenging activity of raw rice and cooked rice coated with
yacon root extract

Total polyphenol DPPH scavenging

Sample"? content” activity”
(mg%, w/w) (%)
YA-0 53.5+4.6° 27.042.9°
YA-10 85.4+8.2° 28.4+3.2°
YA-20 94.045.3° 28.4+3.2°
YA-30 112.4+1.6° 35.945.7%
YA-40 130.146.7* 39.044.1°

" All mean values are triplicate determinations. Values in the same
column that are followed by a different letter are significantly
different(p<0.05) by Duncan's multiple range test.

? Total phenolics content, expressed in milligrams of chlorogenic
acid equivalents per 100 g of each samples.

* Means of DPPH radical scavenging activity on 1 mg/mf of each
extract.

 The abbreviation is same as Table 2.

(Lee 5 2010; Moon 5 2010), Z+&, &, ¢l, Y1t 5 ”7]X‘
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233 4 Table 5). A7 E
73 %= (hardness), &4 (adhesiveness), -5-7]AJ(cohesiveness),
AJ(chewiness), 7 AJ(gumminess)S &743}¢th ofF By
A 3] pFo] ool gt SHAEE AT 2E £
A7t F7Vshe A Btk &, o2
Ihe A% A=, B2, 24, WA, A4 59 S84 2R
o HiE| 59 IY sFo| oS E FAXHCE {9
A 2 ghol S7ste A= yehgtony, A A% 3Y
Follz 7F ARS 7he] 227 B4 Aol FEet Ao
A gojdoR 0 27 Sk AL e,
w7 2AAE $911 Aol UephA @tk 5] 4% 0
sk 7 39 27 oFE TS S} ot A
o HE e e Mo FAsHE Ro2 epton)
e A A 2SI AL cp2 29 ) 5
57} o2 S8 o] 24k HF(Table 2)7} i
of Za2 43 o] FHoFol vzt Arel AL Fobx|
T WYL Pashe Aoz ARE.
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5. OF ol 3 4ol =Tt 21t
=

Tabe 63 e, R} 2 R A, o, A, B3
A d =237 s g 7k T o S 2]
(A 09), oFE W 59 TY B AT :r%l 3
T} Z7VE5SE 49, 54,57, 64, 6.602 M7o] A

o BrEget ofF W] 2299 s} —7}@#%
28 o) goist Auw BAMO R foly A S

S Qo RS Fasts 202 HrhEth A 259}
Table 5. Instrumental texture properties of raw rice and cooked rice of coated with yacon root extract (M+£S.D.)
13) Texture propeniesz)
Day Sample - - - -
Hardness Adhesiveness Cohesiveness Chewiness Gumminess
YA-0 810.5+10.2° 48,0+ 53™ 0.47+0.7" 231.3+ 9.0° 277.9+7.1°
YA-10 822.1+ 8.0° 52.8+ 4.1° 0.48+0.1" 2445+ 5.2° 280.4+7.0°
0  YA20 9435+ 5.8° 55.8+ 8.2° 0.49+0.5"° 2633+ 8.1° 288.243.9°
YA-30 977.3+10.4° 60.0+ 5.3" 0.49+0.5" 275.0+£10.1° 283.9+6.4°
YA-40 1,000.2+ 9.9° 61.1+ 3.1° 0.46+0.3" 280.1+ 3.2° 303.0+7.3°
YA-0 1,209.6+ 5.2° 100.4+11.6° 0.51+0.4" 358.1+ 8.1 325.047.3
YA-10 1,220.7+ 3.1° 151.8+ 3.4° 0.50::0.8™ 360.4+ 3.7 322.8+4.0
3 YA-20 1,225.5+ 6.4° 174.6+ 7.0° 0.56£0.0" 3554+ 5.0 332.849.7
YA-30 1,231.6+ 9.2° 180.4+12.7* 0.52+0.0™ 361.9+ 5.5 322.6+7.1
YA-40 1,254.2+ 7.7° 188.8+11.2° 0.54+0.1" 365.6+ 2.8 331.345.0

" All mean values are triplicate determinations.

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

? The abbreviation is same as Table 2.

™ Values in the same column followed by a different letter are not significantly different by Duncan's multiple range test.
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Table 6. Scores by sensory evaluation properties of cooked rice coated with yacon root extract

29 % Az 2

24 97 605

(M£S.D.)

Sensory evaluation”

Day Samplel’3)

Color Yacon flavor Hardness Adhesiveness Overall acceptability
YA-0 49° 40 3.8° 40" 42"
YA-10 54° 41° 4.1° 3.8 43"
0 YA-20 5.7° 42" 4.1° 3.8 5.0°
YA-30 6.4° 46 48 3.7 3.8°
YA-40 6.6" 52° 57 3.7 3.5
YA-0 3.0 3.8 42° 3.7 3.5
YA-10 3.4° 4.4 43° 3.7 3.3"
3 YA-20 4.0° 49" 4.4 3.8 33
YA-30 45" 50° 48 3.7 3.0°
YA-40 5.8 5.7° 5.9° 4.0 2.0°

" All mean values are triplicate determinations.

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

) The abbreviation is same as Table 2.

™ Values in the same column followed by a different letter are not significantly different by Duncan's multiple range test.

% 3900] ofF We| 2E 3T Wilke] Fu] FHLS §of
oz A7} e Ao R BrHgo, oHE B 22E
g S0l S7USE Pt AR Aoz B
Z34 713 = YA-200] 5.00.2 714+ lx'z—% =3 i]—g— 2%
I YA-400] 352 BAIH 2 {94 (p<0.05
o A% 3 Fof vt ARE A z‘; fAkE -
ﬂ_ HYo} 234 7|35l ofF &S FEFR &
L2 YA-00] 352 HrlEo] 2o AITEE HE, YA-10T}+
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TR BN 7Y HE7} FolASE Mo] ¢ x|
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nT
i
T
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stel °1§W7ﬂ B9 A AT 715y AR
S 8 ALYOZA oFeol B8 T8 dof
17 ST S8 WS Aol £ AEEDO| ok £F
ohe e 7Y ATt A epgo], Y409 S8
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