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Abstract

In this study, baked rice donuts with added psyllium seed husk were manufactured and their quality and retrogradation
characteristics were investigated. Control (Con) was made only with wheat flour; Psyllium seed husk in the amount of 8,
12, 16 and 20 grams was added to make rice donuts (P8, P12, P16 and P20). Higher amounts of psyllium seed husk reduced
the moisture loss and baking loss, and increased the moisture content and water holding capacity of the donuts. The specific
volume of Con was the highest of all the groups. As the amount of psyllium seed husk increased, the lightness and
yellowness of the crumb decreased, and the redness of the crumb increased. Hardness also increased as the amount of
psyllium seed husk increased. The hardness of P16 was the most similar to that of Con. The scanning electron microscopy
images also identified that the structure of the donuts got denser as the amount of psyllium seed husk increased. Rate
constant (k) of the rice donuts with psyllium seed husk were lower than that of Con. In conclusion, it is considered that
P16 is the sample that is the most similar to Con in terms of texture, but the retrogradation was more retarded in P16
than Con.
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%2 E(Dachan Flour Mills Co., Ltd, Seoul, Korea), %
(Cheiljedang Co., Ltd, Seoul, Korea), &ZF(Keysung Co., Ltd,
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Table 1. Formulas for donut preparation

Ingredient (g  Con" P8 P12 P16 P20

Wheat flour 100 0 0 0 0
Rice flour 0 100 100 100 100
Psyllium husk 0 8 12 16 20
Eggs 40 40 40 40 40
Sugar 20 20 20 20 20
Butter 15 15 15 15 15
Nonfat dry milk 4 4 4 4 4
Salt 1 1 1 1 1
Baking powder 3 3 3 3 3

D Con: donut made only with wheat powder, P8: rice donut added
with 8 g of psyllium seed husk based on 100 g of rice flour, P12:
rice donut added with 12 g of psyllium seed husk based on 100
g of rice flour, P16: rice donut added with 16 g of psyllium seed
husk based on 100 g of rice flour, P20: rice donut added with
20 g of psyllium seed husk based on 100 g of rice flour.
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Table 2. Dough and donut moisture content, moisture loss and water holding capacity of donut with psyllium seed husk

Property Con" P8 P12 P16 P20 F-value
Moisture content Dough 242440117 38.0240.16"  37.59+0.39°  37.55+0.10°  36.90+0.10°  2,572.836""
(%) Donut 23.0420.40° 35.37£0.29° 35.5020.43 36.160.33° 36.260.29° 788.094"
Moisture loss (g/g dough) 2.98+0.31° 5.73+0.55" 5.41+0.15% 4.3340.46° 3.68+0.23° 28.933™
Water holding capacity (mL/g) 1.22+0.03¢ 2.20+0.05° 2.62+0.02° 2.59+0.03° 3.23+0.22° 161.126™

D Con: donut made only with wheat powder, P8: rice donut added with 8 g of psyllium seed husk based on 100 g of rice flour, P12:
rice donut added with 12 g of psyllium seed husk based on 100 g of rice flour, P16: rice donut added with 16 g of psyllium seed husk
based on 100 g of rice flour, P20: rice donut added with 20 g of psyllium seed husk based on 100 g of rice flour.

Y Each value is meantstandard deviation.

*4 Different superscripts indicate there are significant differences between values in a same row according to Duncan’s multiple range test

(p<0.05).
* p<0.001.
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Table 3. Baking loss and specific volume of donut with psyllium seed husk

Property Con" P8 P12 P16 P20 F-value
Baking loss (%) 7.71£0.22°" 9.26:0.16° 9.38+0.26° 8.12+0.18° 8.36+0.23" 34.836™"
Specific volume (mL/g) 2.4140.06" 1.73+0.25° 1.86+0.27° 1.66+0.29° 1.53+0.06° 7.794™

Y Con: donut made only with wheat powder, P8: rice donut added with 8 g of psyllium seed husk based on 100 g of rice flour, P12:
rice donut added with 12 g of psyllium seed husk based on 100 g of rice flour, P16: rice donut added with 16 g of psyllium seed husk
based on 100 g of rice flour, P20: rice donut added with 20 g of psyllium seed husk based on 100 g of rice flour.

Y Each value is meantstandard deviation.

* Different superscripts indicate there are significant differences between values in a same row according to Duncan’s multiple range test

(p<0.05).

" p<0.01, " p<0.001.
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Table 4. Color values of donut with psyllium seed husk
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wlo) o M Ea 310 BE Al go] ] B
AA) Ame] e wWop ekt Az AlREch

4. EH

we foRoR S
9 H9l Hol7} Yeirkp<005). W4 Fol=
4B AP Folu, o &

HEE AF9

10

XX

A5 =4

T2 =19 7 T (hardness),

EF2) A(springiness), 224 (co-
hesiveness) B! 4191 4(chewiness) 57 Z 7= Table 5o e}
WAk AR A =yl 9] Ax XA R T A7l 2710

o, Pl69] %7} 22T §
sx 22 29K

&3t FEHA

s7] 1) B71sHA Eled) olsk watol HPMCS) H7h
2 oIt el A% 4, Fobdel Wl An W Rzt 3

Tt A=
Rodge &

=
a5

9] AFEo] H L thBarcenas 5 2004;
2012; Hager & Arendt 2013). ¥FH, HPMCQ} 2714k

Color values Con" P8 P12 P16 P20 F-value
¥ 50.98+1.68>" 47.64+1.09° 46.02+0.64™ 44,542 38% 42.24+0.96" 14.814™
Crust a 8.72+0.10° 8.160.13° 7.30£0.07° 6.63+0.13¢ 5.47+0.21° 258.621"
b 17.39+1.05° 14.04+0.82° 12.52+0.98° 11.60£0.41° 12.7340.25% 25.822™"
L 73.06+0.69° 57.45+0.36 54.69+1.20° 53.360.64° 51.28+0.07° 466.166""
Crumb a -3.0120.78° 2.97+0.22° 2.07+0.20° 3.08£0.27° 1.90:£0.04° 124.443™
b 22.91+0.59° 14.62+0.08" 13.65+£0.47° 12.25+0.32 10.37+0.03¢ 5116917

Y Con: donut made only with wheat powder, P8: rice donut added with 8 g of psyllium seed husk based on 100 g of rice flour, P12:
rice donut added with 12 g of psyllium seed husk based on 100 g of rice flour, P16: rice donut added with 16 g of psyllium seed husk

based on 100 g of rice flour, P20: rice donut added with 20 g of psyllium seed husk based on 100 g of rice flour.

DL lightness, a: redness, b: yellowness.
3 Each value is meantstandard deviation.

* Different superscripts indicate there are significant differences between values in a same row according to Duncan’s multiple range test

(p<0.05).
* p<0.001.
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Table 5. Texture characteristics of donut with psyllium seed husk
Texture characteristics Con" P8 P12 P16 P20 F-value
Hardness (N) 11.65+1.19*° 7.4840.17° 8.53+1.15° 11.7241.09° 15.20+1.86° 18.647"
Springiness (mm) 6.12+0.05° 6.48+0.04° 6.58+0.03° 6.52+0.03> 6.71+0.07* 67.001"
Cohesiveness 0.63£0.01° 0.74£0.01° 0.7320.01° 0.73+0.02° 0.77+0.03" 23386
Chewiness (N-mm) 4521+4.18™ 35.59+1.19° 41.10+5.70° 55.56+6.32° 78.48+9.33° 24.053"

" Con: donut made only with wheat powder, P8: rice donut added with 8 g of psyllium seed husk based on 100 g of rice flour, P12: rice
donut added with 12 g of psyllium seed husk based on 100 g of rice flour, P16: rice donut added with 16 g of psyllium seed husk based
on 100 g of rice flour, P20: rice donut added with 20 g of psyllium seed husk based on 100 g of rice flour.

2 Each value is meantstandard deviation.

*4 Different superscripts indicate there are significant differences between values in a same row according to Duncan’s multiple range test

(»<0.05).
™ p<0.001.

9] H7te WO BAEE AARoY IARA Y MVt A=
£ 7R AL E YEhH(Guarda 5 2004), M4 F20|=
F5ol wet A zof v FFe] D2, Hwang 5(2017)
9] AFtolxl= HPMC H7t2 A =7F A4t A5 (Guarda
5 2004; Hager & Arendt 2013)3} 22|, HPMC2] H71&2 &
o] YR} A & Fgol %A &3
ol =W F2F BN, F=7F SUHE Ao veht 2
2 FFY A SRo|=E HIsks R Y Zpolof &)
A AL b o Qe A= YEsTh & dAFelAe=
B2 &9 M F20|=F okl e A AL (Hashemi
T 2015)9] H7t= Qlste] AHALE 9] HrtEFo] HoldeE
=9 & Y A= SV ol Mg ER0lE A
7V2 WO A=rt S Ad A1 YAt Aol
AR O] H7E= Qg 2EFE 2 FAA 7% AL
2 2ok &4 A, A L& A EHS Alg 2
T di2aEo 2o, P200] 7MY 52 Aoz UEhylth
wehbA] AR O] H7be =YY el STkl ¥ T
A= AL Holy, o]z AR E 2 AE H7SHAE
o At A7 2710l et weae] Zvke AT Azt
(Bhat 5 2018)9} G-A}slTE Crockett 5(2011)2] H3tof wh
EWH W A2A| 5 ZR0|EE VS W H2Ly) ©E
A 2oz A9 glglen, 2% High methoxy HPMC H71=
we] ehelg g S7MIRLN, 2% D %ol Wekd Arle v
GAE AN AOR BaHe] Mk BRO|=| HR
wie} Seigel At Gek R B w4 AT A5
gro|sol A/l Wag Aoz uelth AL 1) %o o
WA AL 22 B2 (Marco & Rosell 2008) 34| 7
3 oz gol 1 Wk, AHAT & =R F P200] 7R
otk AL AR WA Ztel wet Srhehe 7
F& mosd, AR B4, $14 Bo2 £2o 5
= QEAS) Aol ABAT & Ero] R $AE 7

& ngth webd AR YHEE FE4E T 8
=99 A wE, $UY, HYH BRE AL R
o= gt

5. OMITZ 24
FAAAAR H(SEM) © 2 B ERY] B4 7R Fig
13 2k AR B EHe) B TEE BE P0e] b4

Fig. 1. Scanning electron microscopy images of donut
with psyllium seed husk (x 50). Con: donut made only
with wheat powder, P8: rice donut added with 8 g of
psyllium seed husk based on 100 g of rice flour, P12: rice
donut added with 12 g of psyllium seed husk based on 100
g of rice flour, P16: rice donut added with 16 g of
psyllium seed husk based on 100 g of rice flour, P20: rice
donut added with 20 g of psyllium seed husk based on 100
g of rice flour.
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7189 w7k A 2717 A2 AL & 5 ew, AR
F7Fge] A5 7150l AAE= B2 UEHHSITh Lee &
Back(2005)™} Mariotti 5(2009)0] w2 FALARE 0] o
2 RS o Az E A fA F2E 2o, U
o] ¥ gle WimE 5ol B2 S4S 23, g2 9
Aso] M9 A=d F22 FAH en, 0|59 & H]
E@’—‘i"ﬂ o Al Ads BT = F7F SoldiR= A

FAHAT. ERF Sog AR ARE WA B
qaxﬂ st WSS AZSAE W ABAT Sa B
Bolew AAANATE AR FIF] ol W9 ¢t
Hoj= 713t Ao B 1 E It Mariott S 2009). E AT
M= AT W7l Ao BAEe] AR AFAA
F= A2 sHA Ha, ARy Mol 7Rt wet A
o] Wol o]FojA =W T 7|FY A7|7t FlEX
£ o 298 728 He Ao BUHt T8 420 4
wHgel 24702 ofelzlal Aol oa) BAEE 3 W=
A= o 2 EH, Ho|AZ AFolA o]t 32+ +
Zo} 9T 23 H B 9 T B g2 9IS 71X
Al " thCrowley 5 2000). FAMAREAB|F o2 323t 234
As) =5 wlo] AHA WA S7bol et s 2
ol A AL AE F710] R E A0 Holn, o]k By
SQolE S & Ao AR,

=

I

SWo| ME = sl SM U AEAHIO| =5 R

£W0) A F w8} B4 24 AT Table 60 e
At F& AAAT & EHO] Aviami K| 5:(n)e gZZo]
1.51, P8°] 2.044.1, P12, P16 & P20 Z+ 1.01, 1.18, 1.10
oz gzzrt wten, n=19] 77he WS B
(p<0.05). Avrami X|%- A4 47te] Feo] we} 147t 2]
GO ek 9o, A48 W4 Az 292 34

Table 6. Avrami analysis of donut with psyllium seed husk

A E G FEEA
3 grolth 28 ghol 19 23
N P SA] AAA o] g mFo =
9] 1] &Yook 5 2000). E3F Avrami 2] 422
*é o] A AH I e A] Fow, FHA%

4= QIthKim 5 2006). watA] P12~P20
370l ETKHE‘*OE dojub, 27 H Tt Y

7—‘ =

27 AES 11%*7\7‘_} et %_._94 ofd 2@ A0} ofdl
€ F7H= A8 A o

U 93 Hdlz HEY =37t JgEm, o= & 7t
FTAEY F4& A 7IA ErhKim & Chung 2010). =
ZhA 2 AFtollM e = Aehet A Ak 23S 5
o w8t SES Baste] AAAT # ERY BAL B
Ak & A7} BT AL w8} SE7) SohoHe AL
oulah=t(Diaz 5 2010), B ATNA HE Aol 22
o AHAT B EHETE $oton], 8 440) A5 T8
AZE et dizol 71 Reteh A 8 A 23
45 AFSL P8, Pl6, P12 & P209] 402 ol Az}
o] M7 STkl wet 4% A3dS HAe ggko, Ak
Ax - B =Y AR £= A5 BF d22E2Y 79
Aoz Wek7] wfZ2oll(p<0.05) AAA ] & A =Y =
TR =3} £27} ‘—Fﬂt}_ﬂ £ 4 Utk Hager 5(2012)
SFEo] 29 o5& AsHAAH SFE T Wo| k=3l 4
A =2 5 the o)A Ay 7P T g EWoHE W
Wl £57h /b Wton] ofUz A ghefo] e ZEUS
% wo wol 2%s} L2l o2 e} 22 §7 of
99] 847t w0t S G Z 4 Urkn Wtk T,
Kim & Lee(2009)= £-31A17} ofel 2 @ 2 0] Ao} oful 2y
o) ARASE oAstel FATFEAL Wb & Wt
FAIA) 7, $54 L BLAS B Aol Az
 Wol A 37} Zo| AASH gastedrtn Bastgo

Property Con" P8 P12 P16 P20 F-value
Avrami exponent (1) 1.51+0.01?° 2.0440.28° 1.01+0.05° 1.18+0.06> 1.10+0.22° 19.587™
Rate constant (k) 0.08+0.00° 0.05+0.00° 0.05+0.00° 0.05+0.00™ 0.05+0.00° 62.160""
Time constant (1/k) 12.68+0.16° 22.11£1.10° 19.52:1.42° 20.42+0.63" 19.49+1.77° 28.948""

Y Con: donut made only with wheat powder, P8: rice donut added with 8 g of psyllium seed husk based on 100 g of rice flour, P12: rice
donut added with 12 g of psyllium seed husk based on 100 g of rice flour, P16: rice donut added with 16 g of psyllium seed husk based
on 100 g of rice flour, P20: rice donut added with 20 g of psyllium seed husk based on 100 g of rice flour.

Y Each value is meantstandard deviation.

* Different superscripts indicate there are significant differences between values in a same row according to Duncan’s multiple range test

(p<0.05).

EEE

p<0.001.
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