KOREAN J. FOOD SCI. TECHNOL. Vol. 46, No. 2, pp. 135~142 (2014)

http://dx.doi.org/10.9721/KJFST.2014.46.2.135

KOREANJOURNAL OF
IR A SR

FOOD SCIENCE AND TECHNOLOGY

©The Korean Society of Food Science and Technology

=x

d

L g - E

e FAEADY-

off

Characterization of Korean Sweet Potato Starches:
Physicochemical, Pasting, and Digestion Properties

Hye Rim Baek, Ha Ram Kim, Kyung Mi Kim, Jin Sook Kim, Gui Jung Han, and Tae Wha Moon*
Department of Agricultural Biotechnology & Center for Food and Bioconvergence,
Research Institute of Agriculture and Life Sciences, Seoul National University
'Department of Agro-food Resources, National Academy of Agricultural Science, Rural Development Administration

Abstract Physicochemical, pasting, and digestion properties of sweet potato starches from 11 Korean cultivars were
investigated. Starch granules were variably oval, round, polygonal, spherical, and bell-shaped, and of 10.2-15.3 pm in mean
particle diameter. Amylose contents varied from 12.3 to 17.4%. A similar chain length distribution of amylopectin was
found in each of the cultivars. The portion of B, correlated with the degree of amylose leaching. Thermal properties
determined by differential scanning calorimetry showed high values of gelatinization temperatures in Shinyulmi and
Jeungmi starches, but a relatively low value in Daeyumi starch. All starches exhibited a Ca-type diffraction pattern.
Differing patterns were observed in swelling factors, depending on temperature. The contents of rapidly digestible starch,
slowly digestible starch, and resistant starch ranged from 9.6-17.4, 31.4-45.6, and 35.7-62.8%, respectively. In Rapid Visco
Analyser profiles, differences were observed in pasting parameters such as pasting temperature, peak viscosity, final

viscosity, and breakdown.
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ible starch), SDS (slowly digestible starch), RS (resistant starch)
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Table 1. Granule size of sweet potato starches determined by
particle size distribution

Size range Mean diameter Mode Average size

Samples " im) (um) um)  (um)
Gunmi 6.3-33.7 20.0 15.0 15.1°)
Gunpungmi ~ 3.7-31.9 17.8 11.4 12.7¢
Daeyumi 3.7-31.9 17.8 10.3 10.3¢
Matnami 3.7-31.9 17.8 10.3 10.5¢
Borami 4.1-31.9 18.9 10.3 10.2¢
Shinyulmi 6.3-35.5 209 10.8 13.1¢
Jeonmi 6.3-33.7 20.0 114 13.1¢
Jeungmi 8.3-37.5 229 12.1 15.3?
Hayanmi 5.4-35.5 20.5 12.1 13.4%
Happymi  4.631.9 18.2 12.1 12.3¢
Healthymi 5.1-24.4 14.7 114 10.8¢

YValues within a column not sharing a superscript are significantly
different (p<0.05, Duncan’s multiple range test).
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Table 2. Amylose contents and relative crystallinity of sweet
potato starches

Table 3. Branched chain length distributions and amylose
leaching of sweet potato starches

Amylose content ~ Relative crystallinity

Samples %) %)
Gunmi 16.7%Y 512
Gunpungmi 14.9° 54.4
Daeyumi 14.6° 53.0
Mannami 12.3¢ 56.0
Borami 12.6° 50.9
Shinyulmi 15.8° 50.5
Jeonmi 17.4° 523
Jeungmi 14.8° 52.3
Hayanmi 16.2® 49.7
Happymi 15.1° 483
Healthymi 14.6° 49.0

YValues within a column not sharing a superscript are significantly
different (p<0.05, Duncan’s multiple range test).

Intensity

0 5 10 15 20 25 30 35
2 theta

Fig. 1. X-ray diffractogram of sweet potato (Gunmi) starch. It
represents X-ray diffractograms of all sweet potato starches used in
this study.
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AMLE H33 HEw|el dRuje] AMLe] 7F¢ A Ach(Table 3).
o] dollN B, AKEe] St AML] AFAAIS HTHr=0.725,
p<0.01). 779} 3lQkH|= B, A& o] Bd=tl@.1%), ©1&
o] AML %3+ 2+t 6.5%%} 62%%2 E& kS UERAIT ol&
ofdzAEle 71 A &0 E3E §EHX fdorz oy
22t ez o & £E5HU7) e Aoz Helth

Branched chain length distribution (%) ~ ApML2
Samples o
DP 6-12" DP 13-24 DP25-36 DP>37 (%0
Gunmi 39.3%9  36.9¢ 10.1° 4.1° 6.5°

Gunpungmi  41.8" 37.8° 10.0° 3.5° 6.0
Daeyumi 41.5° 37.8° 9.2¢ 3.5° 6.2

Matnami 41.5° 39.1° 9.4« 2.9« 3.7
Borami 40.1¢ 40.0° 9.6™ 3.0° 1.4°
Shinyulmi 44.7° 35.9° 7.0 2.9« 4.5
Jeonmi 40.55°¢ 39.0° 9.9 3.6" 4,9
Jeungmi 39.9% 40.4° 10.1* 3.8° 8.2
Hayanmi 38.8° 39.0° 10.1* 4.1° 6.2

Happymi 404 40.1°  9.1° 23 3.7
Healthymi ~ 40.3°  402°  85° 2.7¢ 1.4¢

YDP=Degree of polymerization; DP 6-12=A, DP 13-24=B,, DP 25-
36=B,, DP>37=B; chains

?Amounts of amylose leaching

»Values within a column not sharing a superscript are significantly
different (p<0.05, Duncan’s multiple range test).

Table 4. Molecular characteristics of sweet potato starches

Samples 17\/1n 1>/Iw R, ] Polydispersity
(x107g/mol) (x10’g/mol) ~ (nm)" M/M,)

Gunmi 6.6 9.4 206.7% 1.4%
Gunpungmi 5.5¢ 8.0 192.8% 1.5%
Daeyumi 5.7° 7.2 169.5¢ 1.2¢
Matnami 7.8 12.6° 2362 Le>
Borami 6.3% 13.3® 291.6° 2.1°
Shinyulmi 8.1% 10.8% 214.3" 1.3%
Jeonmi 9.6" 13.1® 221.1% 1.4%
Jeungmi 8.1 14.6" 223 4% 1.8°
Hayanmi 5.6° 9.9« 213.3" 1.8
Happymi 7.35 10.7% 205.0™ 1.5
Healthymi 8.6 13.9° 233.3° 1.6™

YValues M,, M,, and R, denote number average molar mass, weight

average molar mass, and radius of gyration, respectively.
?Values within a column not sharing a superscript are significantly
different (p<0.05, Duncan’s multiple range test).
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7HATH(13.3x107 g/mol). o2k M St R, 7+l AAl= HIE71F
3R] Ji g 7] Aol BarE vk 9lth21,22). R,
ol & WellA BA7t At FE EIthE FollA,
opdzARle] 7] Ak Zoloh A P2 &Aoo Roll B
S HRITH23). R oM RE 8 Tlolls &o] Rt @
ZH A E (1=-0.510, p<0.01), ©]= Patindol 5(24)°] W= o}
dEoARle] R7F A4S ofdEA Ee ofdEdAY] B0
A5 F Ae 7FsAel FolR7] wiie|t)

TREAH-S ofd2He] 2210 BX 5L vellle AEE,

ro
ojN



H) 8%

Table 5. Gelatinization parameters of sweet potato starches
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Table 7. Relative amounts of RDS, SDS, and RS in sweet potato
starches

T T T T-T? AH
Samples o) o> oS Cod

(§O)] (°C) (§O)] (°C) J/g) Samples RDS (%) SDS (%) RS (%)
Gunmi 64.8% 70.2° 73.9¢ 9.1f 17.7° Gunmi 10.6>Y 40.6° 48.8¢
Gunpungmi  66.9* 71.8% 76.8° 9.9 13.9¢ Gunpungmi 9.6° 43.1° 47.3%
Daeyumi 63.8° 71.7¢ 80.3% 16.4* 12.1°F Daeyumi 17.4° 40.2° 4.4
Matnami 67.4° 73.0% 78.6° 11.2¢ 15.2¢ Matnami 10.6* 36.6° 52.8°
Borami 66.4° 72.7¢ 76.5° 10.1°F 22.7* Borami 12.3° 40.0° 47.8¢
Shinyulmi 70.6* 75.0° 80.0° 9.4f 9.38 Shinyulmi 9.6° 45.6* 45.4¢
Jeonmi 64.74 72.6% 79.4% 14.7° 16.4¢ Jeonmi 10.0° 41.0° 49.1¢
Jeungmi 67.2° 73.6° 82.0° 14.7° 15.9¢ Jeungmi 6.3¢ 30.9¢ 62.8°
Hayanmi 62.0¢ 69.8" 75.5° 13.5° 16.2¢ Hayanmi 12.2° 39.8° 48.0°
Happymi 62.8" 70.4° 75.3" 12.5% 17.9°¢ Happymi 18.6" 45.6* 35.7¢
Healthymi 64.6° 72.0% 76.9° 12.3¢ 19.9° Healthymi 12.5° 31.4° 56.1°

”TO, T, and T, indicate the onset, peak, and conclusion temperatures YRDS, Rapidly digestible starch; SDS, Slowly digestible starch; RS,

of gelatinization, respectively.

?T,-T, denotes the temperature range of gelatinization. AH indicates
the gelatinization enthalpy.

»Values within a column not sharing a superscript are significantly
different (p<0.05, Duncan’s multiple range test).

Table 6. Swelling factors of sweet potato starches at various
temperatures

Samples 50°C 60°C 70°C 80°C
Gunmi 2.3%D 4,20 13.2¢ 15.0°
Gunpungmi 1.8 3.7%% 6.3 13.0%%
Daeyumi 4.0" 5.0° 8.7¢ 15.7°
Matnami 2.3% 2.7° 8.5¢ 16.3
Borami 3.7% 4.5 8.7¢ 12.7%%
Shinyulmi 3.1« 3.3% 11.6° 13.4¢
Jeonmi 4.6 6.3 10.8° 13.7*
Jeungmi 2.4% 3.4 9.7° 124
Hayanmi 2.5% 3.3% 9.2« 11.8%
Happymi 2.7% 3.9« 7.2° 11.4¢
Healthymi 2.6% 3.6 12.7* 15.8*

YValues within a column not sharing a superscript are significantly
different (p<0.05, Duncan’s multiple range test).

Resistant starch
DValues within a column not sharing a superscript are significantly
different (p<0.05, Duncan’s multiple range test).

on, wEule 53] ¥ ghe UERIT s ARe) 43 &
A3k AEs, M 9 RSTFEFS 71E FR25)el Hard viel 2+
o] ol AABAS WATH=0566, p<0.01). T/} 71w
M, RS $eFe Uehiglon, tifule] M, 9F RSEako] 71
SttH(Table 4, 8).
I7ob M2l o §Y
T AR 3ol BEE A EXNS AFALSAE B
A%t 43S Table 59 JERIQIT Algnle} Fnl7t =2 T, T,
S wolow, o) 7| BuE g FARKITH9). W, st
Qhuls b e 7he e, B3 el 29

) (22.7 Jig)ek A (199 J/gy7t E& 7k BT s 7)E
9] AJEAME Iy}t opdE A Fheko] 9IS W=t}
I 21H26-28) ©] ATl ARl 115:9] ALyl dEe] ofd=
2 gt sle e Atoldle folHRl At BEEA] &
gtk Ankgow T3 LrE ofdEA I o|9dw Ao

pi
A

), e, AR HH BE Sof 5 FFL WErho). 0

B o] ApoAE ITeh AR PAe] obus gy of

e G TGS opuzsEle) BE o] BFATS vl Uk s AR Zol, BAY, AR BYe) BE F O 54

dthod). Foh ARe] T GMMS i oF 16l o BFHoR 58} exol PP /H Aor Bk aYw

Table 8. Pasting properties of sweet potato starches from different cultivars

Samples Peak viscosity Breakdown Final viscosity Setback viscosity Pasting time Pasting temperature
(cP) (cP) (cP) (cP) (min) “C)
Gunmi 2541* 4350 3098 992abcd 4.5bd 74.8%
Gunpungmi 2576" 579 3130° 1133%¢ 4.5% 75.1%
Daeyumi 2361%* 406> 2893 938 4.9% 74.8%
Matnami 2202¢ 3349 2939 10717 4.9% 76.0°
Borami 2294 316° 3073 1099 5.0° 74.8%
Shinyulmi 2543* 543%® 3222¢ 1221° 4.5% 75.1%
Jeonmi 2426 545 2863® 962" 4,67 75.4%
Jeungmi 2291 4220 2909 10417 4.6 76.7°
Hayanmi 2288 362 3129° 1203 4,774 75.1%
Happymi 2469 645° 2704° 880° 43¢ 74.3°
Healthymi 2398 561% 2847 1009 4.5% 76.2%

YValues within a column not sharing a superscript are significantly different (»<0.05, Duncan’s multiple range test).



Table 9. Correlation coefficients between physicochemical, digestion, and pasting properties of sweet potato starches

Paamete” AM ~ PS DP>37 Mn Mw Rg Poly RDS SDS RS SDSRS To Tc Tp AH AL peakV finalv BD  sB ©asting Pasting

temp  time

AM 1

k2
PS 0.56>5
DP>37 0.423* 0.525*%* 1
Mn 0.184 0.126 -0290 1
Mw -0232  0.013 -0.262 0.725** 1
Rg -0.433* -0.260 -0.278 0.289 0.754** 1

Poly  -0.464** -0.102 0.008 -0.116 0.584** 0.763** 1
RDS -0.102 -0.517**%-0.376* -0.294 -0.362* -0.227 -0.183 1
SDS 0.263  0.009 -0.108 -0.264 -0.531** -0.264 -0.375* 0.313 1

RS -0.130  0.264 0.272 0.342 0.566** 0.307 0.360* -0.744**-0.867** 1

SDSRS  0.102 0.517** 0.376* 0294 0.362* 0227 0.183 -1.000*¥* -0.313 0.744** 1

To -0.240 0.110 -0.182 0.235 0218 0.226 0.015 -0.617** 0.019 0310 0.617** 1

Te -0.107  0.112 0.008 0.357* 0.250 -0.105 -0.096 -0.346* -0.288 0.384* 0.346* 0.493** |

Tp -0.270  0.008 -0.256 0.376* 0.356* 0.244 0.050 -0.497** -0.145 0.363* 0.497**0.857** 0.727** 1

AH -0.231 -0.205 -0.153 0.033 0.426* 0.620%* 0.595** 0.136 -0.339 0.169 -0.136 -0.411*-0.526%*-0.354* 1

AL 0.362* 0.667** 0.725** -0.199 -0.275 -0.510** -0.161 -0.270 0.004 0.138 0270 -0.021 0273 -0.112 -0.487** 1
PeakV  0.372%* 0.271 0.043 -0.129 -0.399* -0.341 -0361* 0.001 0.405* -0.286 -0.001 0.107 -0.228 0.026 -0.212 0.133 1
FinalvV  0.099 0.129 0.336 -0321 -0.229 0.032 0.087 -0270 0.144 0.038 0270 0.308 -0.083 0.142 -0.220 0.196 0.410* 1

BD 0276 0.169 -0.332 0.167 -0.139 -0.329 -0.365* 0.103 0.257 -0.236 -0.103 -0.022 -0.086 0.056 -0.124 -0.108 0.685** -0.251 1

SB 0.004 0.062 0.182 -0.216 -0.055 0.122 0.195 -0.330 0.023 0.154 0.330 0.347* 0.037 0.245 -0.226 0.067 0.182 0.899** -0.233 1

i?rslt;ng -0.012 0.104 -0.013 0315 0390* 0.183 0.106 -0.377* -0.548%*0.583** 0.377* 0.215 0.365* 0297 -0.018 0.048 -0200 0.139 -0.112 0.328 1
E?img -0.323 -0.407* 0.126 -0.113 0.112 0283 0276 0.072 -0.090 0.027 -0.072 -0.007 0.168 -0.017 0.118 -0.098 -0.684** 0.043 -0.859** 0.035 -0.082 1

DParameters, AM=amylose content; PS=particle size; Poly=polydispersity; AL=amylose leaching; peakV=peak viscosity in RVA; finalV=final viscosity in RVA; BD=breakdown; SB=setback
ISignificance level: * and ** are p<0.05 and p<0.01, respectively.
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