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Abstract

This study investigated the effects of starch addition and type on the characteristics of extruded products of floury rice powder
(FRP). Native starches from waxy, normal, and high-amylose corn, wheat, tapioca, and potatoes were used. Each starch replaced
30% of the dry weight of FRP. FRP and FRP-starch mixtures were extruded using a twin screw extruder at 19-20% moisture content,
18 Hz screw speed, and barrel temperature of 160C, followed by drying at 80T for 3 h. The water absorption and water solubility
indices of the FRP-starch mixtures were higher than those of starch alone, whereas swelling power exhibited the opposite trend.
The gelatinization temperatures of the FRP-starch mixtures, except for the FRP-wheat starch mixture, shifted to higher temperatures
than those of FRP, whereas their gelatinization enthalpies were lower. The pasting viscosities of the FRP-starch mixtures, except
for the FRP-high-amylose cornstarch mixture, were higher than those of FRP. Regarding the extruded products, partial replacement
of FRP with starch improved the expansion ratio and specific volume of the extrudates. The failure strength, measured using a
3-point bending test, was higher for the FRP-starch mixture (except for high-amylose corn and tapioca starches) than for FRP.
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Table 1. Water absorption index (WAI) and water solubility index (WSI) of floury rice powder (FRP) and FRP-starch (ST) mixtures

WAI (g/0) WSI (%)
Source
ST only FRP-ST mixture ST only FRP-ST mixture
FRP 2.8+0.1 2.6+0.1
Waxy corn 1.8+0.0% 2.2+0.0° 0.8+0.5® 2.0+0.1°
Normal corn 2.3+0.0° 2.3+0.0° 0.2+0.0° 2.0+0.1°
FRP-ST Hi-amylose corn 2.0+£0.0* 2.3+0.3° 0.8+0.5® 2.0+0.1°
mixture Wheat 1.8+0.0 2.140.0° 0.5+0.2% 2.1+0.2°
Tapioca 1.9+0.0° 2.2+0.0° 0.6+0.0° 2.2+0.3°
Potato 1.7+0.0° 2.2+0.0° 1.3+0.1% 2.1+0.1°

Mean values of three replicate measurement; values sharing the same lowercase letters are not significantly different at £X0.05.
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Table 2. Solubility and swelling power of floury rice powder (FRP) and FRP-starch (ST) mixtures

Swelling power (g/g) Solubility (%)
Source
ST only FRP-ST mixture ST only FRP-ST mixture
FRP 17.3+£0.2 5.7+0.7
Waxy corn 9.7+0.3% 7.7+0.1° 4.1%0.1° 2.5+0.1°
Normal corn 18.2+0.1° 13.0+0.8° 3.5+0.0° 4.9+0.3°
FRP-ST Hi-amylose corn 2.7+0.0° 6.4%0.0° 0.5+0.1° 4.0+0.1°
mixture Wheat 9.3+0.1¢ 8.3+0.3° 37405 23+03°
Tapioca 10.5+0.4° 9.7+0.0° 3.1+0.8° 35+0.4°
Potato 37.7+1.1° 11.8£1.7° 7.6+0.4° 6.3+1.2°
Mean values of three replicate measurement; values sharing the same lowercase letters are not significantly different at ©{0.05.
Table 3. Gelatinization property of floury rice powder (FRP) and FRP-starch (ST) mixtures
Gelatinization temperature (C) 1)
AH
Source /9
Onset Peak End g
FRP 62.6+0.1° 68.7+0.2¢ 73.9+0.1¢ 5.7+0.9°
Waxy corn 63.2+0.1° 73.2+0.1° 77.9+0.1° 7.4%0.2%
Normal corn 66.0+4.9° 74.0+0.0° 77.8+0.1° 74+12%
FRP-ST Hi-amylose corn 63.7+0.6° 69.5+0.0° 79.7+0.0° 3.8+0.1°
mixture Wheat 56.9+0.0° 68.2+0.2 75.3+0.7° 7.2+0.1%
Tapioca 63.5+0.8° 69.8+0.5° 76.3+£0.4° 8.5+2.4%®
Potato 63.2+0.1° 68.4+0.3¢ 74.6+0.7° 9.4+16°

Mean values of three replicate measurement; values sharing the same lowercase letters are not significantly different at pX0.05.

UGelatinization enthalpy.
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Fig. 1. Pasting viscosity profile of floury rice powder (FRF), starch (ST), and floury rice power—starch (FRF-ST) mixtures (A, waxy corn starch; B, normal
corn starch; C, hi-amylose corn starch; D, wheat starch; E, tapioca starch; F, potato starch).
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- TR S

Fig. 2. Whole appearance and cross—section of extruded products of floury rice powder (FRP) and FRP-starch mixtures (WC, waxy corn starch; NC,
normal corn starch; HM, high-amylose corn starch; WH, wheat starch; TP, tapioca starch; PO, potato starch).
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;94 i)

o

o mg a2 M

2
£ 47 Aolo] AEYPE Boheo] VI BUX| ofnh AR
o E5o] W2 71EELT PR Aole] % 7FsH(compati-
bility)2] Xjo] R 4= ek

Table 4. Expansion ratio (ER), specific volume (Vs,), and failure strength of floury rice powder (FRP) and FRP-starch (ST) mixtures

Failure strength (N)

Source 25 f

(%) (mL/g) 3-Point bending Compression

FRP 343.1+10.1° 42+13° 8.0+1.1% 40.9+10.0°
Waxy comn 399.6+32.0° 89+0.9° 9.0+0.9® 24.6+6.0°

Normal com 387.6+24.5° 10.8+0.6° 9.1+1.7® 25.0+5.8°

FRP-ST Hi-amylose corn 389.0+24.4° 11.1+0.9° 6.2+0.6> 24.7+3.9°
mixture Wheat 338.6+13.4° 8.4+1.0% 10.2+2.7° 33.2+6.1°
Tapioca 382.2+12.8° 9.4+0.8° 6.9+1.7% 41.4+56°

Potato 337.6+16.5° 7.0+1.0° 8.1+1.5® 54.2+8.2°

Mean values of three replicate measurement; values sharing the same lowercase letters are not significantly different at ££0.05.

372

https://www.foodengprog.org



E Lee et al. Food Eng. Prog. 2024,28(4):365-375
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7R 7R A AR SEE Alo|9] WaElat vl A
oS AT 4= YA, TFRAARI-AAE S3E YEdFEA o]
WG} HI8A Afo]o] IAR= AT 4 ISl 7FY =2 HI8
TR QRS R 9 VRART 0PI RA SR &
Y= Y IFEECI =R HIEH Bikeaat B qlo
bE 7R US43 Algilel ol ks 2571 el
A= AlBold HRACE WA g 4 Sl ARk HE o=

AFRDL U2 AT & P Folrt

ZRAEE B VIRAE AR £ dEEE e T
L5 Table 4] YERAITE 2 AFolM AS/BEY vk A=
3-point bending testo]] 2J3F AH7H =2} compression testo] 2J3t QF
BAER WA HEHREe] DAl o), 71
£ 80 N Hehfiglow, 7R d-PdE EES 62~102
No| HOIE Uehiqich 7 AR -8R 23kE0 dEddE
T AR, SR, AWAR, AR S 7t
S| AR} RO Q1 Aol HolR] gisith ey 1

SR B Q7 PAES Tt YEARES 71
AET FEPEY AR E = YA ggtont ¥ 4
FEEE YEUL, o= o 5400 €A Fod o & AL
2 2t Q4R g BEY QAL 409 No|
AUk 7HFER T AAAE EdE dEEE e AR
E(54.2 N)>EH1] 97PAE(41.1 N)> AWAE(332 N) > Ykl
FRE25.0 N)=IoPdEA ZpPHR(247 N)~EEp5HE
(24.6 N)9| AR ESQIT 7RSSR R 2kE US4
FEe SrdiEe] 73% (genotype)oll BARLC] FARE 22
WAEE Bt 7R E-SadE e dEEES

Of

o
&
g

o)

)

Fgo] B9 HEYT AT RS BAT Aoz At
O OF
4 =

https://doi.org/10.13050/foodengprog.2024.28.4.365

AR AR EHE0 S 2ARIC WAISH WSS &
£ /leaRe s SkEo) Zlanauc woit B
o =

s3go] HaEdnt ok, SalEs 7

Stk ESREE IRERT AL EFHE0] Z1FERT R o
Az £%7, SHAYTE /PR TOIIRA SHpHE T

FE2 A THES0 TEAEEES E0lh HolAg H=

o] F1AEIIT 28 52 B T FlSaEE) sl
B gAE SRES AEUSHPYZ ol8stel Axdt 424
2O EHS AT B HolAd Ao FesR,
Ehil QbR AAAROR AR HRaRY SR A

Moz e olay HE] UL, TohlRA S50

=
g, aPEo R qiAst 7T SHER ARt 4

3
Eol TS 2T 2 AT WHT 71F ALE FASAE
F4389) PIALL NTRRTAWAL L ATRLLLAY
B EHEE0l IR RARIAT o129 71
B EYRES £ S0 YRS Mg B Ty
g SRR BREE0) R940R RS SE0lY
o GEIRE e glo] ATRRL- TR 8543
¥ U /e ooty EREE0] RARRET 4%
Se U YeRiRoM, olole] EREES R £58
RS RS 24%] S83e) WAl 1R
A

o ANE FYT ), IFAEL FEHFRY 54
ST TR W vl g Ao] AT, YRR &
ARFEA QAT de JBHBES JYSE SRS
AR Eslel A8t o] £ Ao Azt

ORCID

Eunchong Lee https://orcid.org/0009-0006-9380-2273
https://orcid.org/0009-0004-1034-8999

https://orcid.org/0000-0002-2188-4058

Chaemin Jang

Hyun-Seok Kim

Conflict of interests

No potential conflict of interest relevant to this article was reported.

Acknowledgements

This work was supported by Korea Institute of Planning and

373



E Lee et al.

Food Eng. Prog. 2024;28(4):365-375

Evaluation for Technology in Food, Agriculture and Forestry (IPET)
through High Value-added Food Technology Development Program,
funded by Ministry of Agriculture, Food and Rural Affairs
(MAFRA) (RS-2024-00404730). Also, this work was supported by
Kyonggi University’s Graduate Research Assistantship 2024.

Data availability

Upon reasonable request, the datasets of this study can be

available from the corresponding author.

Authorship contribution statement

Conceptualization: Kim HS.

Data curation: Kim HS.

Formal analysis: Lee E, Jang C.

Methodology: Lee E, Jang C.

Validation: Kim HS.

Investigation: Lee E, Jang C.

Writing - original draft: Lee E.

Writing - review & editing: Lee E, Jang C, Kim HS.

Ethics approval

Not applicable.

References

Bae JE, Hong JS, Baik MY, Choi HD, Choi HW, Kim HS.
2020. Impact of starch granule-associated surface and channel
proteins on physicochemical properties of corn and rice
starches. Carbohyd. Polym. 250: 116908.

Cho MJ, Kim HS. 2024. Characterization of potato starch-high
amylose rice starch blend as a substitute of acetylated potato
starch in long-life noodle. Food Sci. Biotechnol. 33:
3057-3065.

Cho SY, Jeong DH, Ryu GH. 2017. Effect of extrusion process
variable on physicochemical properties of extruded rice snack
with mealworm. Korean J. Food Sci. Technol. 49: 444-452.

Ding QB, Ainsworth P, Plunkett A, Tucker G, Marson H. 2006.
The effect of extrusion conditions on the functional and
physical properties of wheat-based expanded snacks. J. Food
Eng. 73: 142148.

Guha M, Ali SZ. 2006. Extrusion cooking of rice: effect of
amylose content and barrel temperature on product profile. J.

374

Food Proc. Preserv. 30: 706-716.

Ha SK, Kim BK, Hwang WH, Mo Y], Jeong JM, Lee DK, Kim
WIJ, Kim JJ, Jeung JU. 2022. Early maturing rice variety
“Baromi2” with a floury endosperm and suitable for
dry-milling of rice grain. Korean J. Breed. Sci. 54: 433-441.

Jo YH. 2002. Characteristics of wheat flour and noodle with
amylose/amylopectin ratio and hydrocolloids. MS thesis.
Hanyang Univ., Seoul, Korea.

Jung BM, Park DK, Kim ES, Rhee KS, Rhee KC. 2000.
Single-screw extrusion puffing of rice flour-defatted soy
flour-squid blends: process optimization and product cha-
racterization. J. Korean Soc. Food Sci. Nutr. 29: 412-419.

Jung HW, Kim HS. 2023. Impact of pH on physicochemical
properties of corn starch by dry heat treatment. Food Sci.
Biotechnol. 32: 1901-1911.

Kang MY, Han JY. 2000. Comparison of some characteristics
relevant to rice bread made from eight varieties of endosperm
mutants between dry and wet milling process. Korean J. Food
Sci. Technol. 32: 75-81.

Keawpeng I, Kang SK, Park YK. 2007. Physicochemical
properties of rice extrudate added with onion kimchi powder.
Korean J. Food Preserv. 14: 504-510.

Kim CH, Tie J. Ryu GH. 2012. Effects of moisture content on
physical properties of extruded cereal flours. J. Korean Soc.
Food Sci. Nutr. 41: 1603-1610.

Kim EH, Kook SW, Jung ST, Park YK. 2005. Properties of rice
extrudates added with the sea tangle powder. Korean J. Food
Preserv. 12: 241-246.

Kim GH, Kim SH, Park SH. 2023. Application of Baromi 2 rice
flour on baguette and its physicochemical analysis. Food Eng.
Prog. 27: 394-398.

Kim JS. 2024. Quality characteristics of muffins with added
floury rice powder. Culi. Sci. Hos. Res. 30: 10-18.

Kim NY, Ryu GH. 2018. Effects of mealworm content and
extrusion process on quality characteristics of extruded rice
flour infant food. J. Korean Soc. Food Sci. Nutr. 47: 476-484.

Kim RJ, Kim HS. 2021. Development and characterization of
potato amylopectin-substituted starch materials. Food Sci.
Biotechnol. 30: 833-842.

Kim WS, Shin MS. 2007. The properties of rice flours prepared
by dry- and wet-milling of soaked glutinous and normal
grains. Korean J. Food Cook. Sci. 23: 908-918.

Kong JY, Kim YM. 1998. Studies on gelatinization characteri-
stics of some starches by differential scanning calorimetry J.
Korean Soc. Food Nutr. 17: 144-148.

Kum JS, Lee HY, Shin MG, Yoo MR, Kim KH. 1994.

https://www.foodengprog.org



E Lee et al.

Food Eng. Prog. 2024;28(4):365-375

Properties of modified rice starch by physical modification.
Korean J. Food Sci. Technol. 26: 428-435.

Lee C. 2004. Optimization for extrusion-cooking of rice-ISP-file
fish mixture by response surface methodology. J. Korean Soc.
Food Sci. Nutr. 33: 1742-1747.

Lee JE, Kim YJ, Cho MG, Park SY, Kim EM, Cho YS, Choi
YH. 2012. Physicochemical properties of extruded rice flour
and gelatinization popped rice flour. Korean J. Food Nutr. 25:
850-854.

MAFRA (Ministry of Agriculture, Food and Rural Affairs).
2023 Grain Consumption Survey. Available from:
https://www.mafra.go.kr/bbs/home/792/569290/artclView.do.
Accessed September 11, 2024.

Obadi M, Qi Y, Xu B. 2023. High-amylose maize starch:
structure, properties, modifications and idustrial applications.
Carbohyd. Polym. 299: 120185.

Oh SH, Hwang HH, Sung YJ, Kim HB, Choi HS, Oh WY, Yeo
JD, Kwak JE, Lee JH, Lee JH. 2022. Comparison of
physicochemical properties and oxidative stability of rice bran
oil and rice flours from 2 different rice varieties including
'Samkwang' and 'Baromi2'. In: Proceeding of 2022 KFN
International Symposium and Annual Meeting. October
19-21, Jeju, Korea, 407.

Oh SM, Park HJ, Choi YC, Oh YG, Lee JH, Lee JS, Kwak J.
2022. Characteristics changes of floury-type rice depending
on water immersion and heat treatment time. In: Proceeding
of 2022 Annual Meeting and Fall International Conference of
the Korean Society of Crop Science. October 13-14, Seoul,
Korea, 314.

Park DY, Kim JY, Kim HS. 2022. Development of a frying
batter mix by replacing the wheat flour with brown rice and
minor cereal flour. Korean J. Food Sci. Technol. 54: 652-663.

Park HY, Lee CG, Lee JS, Lee JH, Choi HS, Park JY, Sim EY,
Kim HS, Choi HS. 2024. Physicochemical characteristics by

https://doi.org/10.13050/foodengprog.2024.28.4.365

mixing ratio rice flour customized elite cultivar ‘Baromi2 and
wheat flour. Korean J. Food Sci. Technol. 56: 311-319.

Park JY, Kim YH, Ryu GH. 2017. Physicochemical properties
and antioxidant activity of extruded rice flour with various
cacao (Theobroma cacao L.) bean content. J. Korean Soc.
Food Sci. Nutr. 46: 1327-1335.

Park KH, Lee HG. 2005. Characteristics and development of
rice noodle added with lisolate soybean protein. Korean J.
Food Cookery Sci. 21: 326-338.

Park YU, Yoon HH. 2024. Quality characteristics of pound cake
added with Baromi 2 (brown rice flour). Culi. Sci. Hos. Res.
30: 54-65.

Ryu GH, Lee CH. 1988. Effects of moisture content and particle
size of rice flour on the physical properties of the extrudate.
Korean J. Food Sci. Technol. 20: 463-469.

Sim YJ, Jung BM, Rhee KC. 2001. Quality characteristics of
extruded formulated products prepared from blends of rice
flour, corn flour and fish muscle by single-screw extrusion.
Korean J. Food Sci. Technol. 33: 45-49.

Vanier NL, Vamadevan V, Bruni GP, Ferreira CD, Pinto VZ,
Seetharaman K, Zavareze DRE, Elias MC, Berrios JDJ. 2016.
Extrusion of rice, bean and corn starches: extrudate structure
and molecular changes in amylose and amylopectin. J. Food
Sci. 81: E2932-E2938.

Wang YY, Norajit K, Ryu GH. 2011. Influence of extruded
hemp-rice flour addition on the physical properties of wheat
bread. J. Food Sci. Nutr. 16: 62-66.

Yeh A. 2004. Preparation and applications of rice flour. In:
Rice: Chemistry and Technology. Champagne ET. (ed.).
American Association of Cereal Chemists, St. Paul, MN,
USA, pp. 495-539.

Yoo JY, Ham JS. 2024. Characteristics of Halloumi cheese
added with“Baromi 2” rice flour. J. Korea Acad. Ind. Coop.
Soc. 25: 670-677.

375



