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Influence of Starch Characteristics on the Pasting Properties of Potato
Flours Prepared from Yellow-fleshed Potatoes

Ik-Jo Chun' and Hyun-Seok Kim®>*

!Department of Horticulture and Breeding, Andong National University
’Department of Food Science and Biotechnology, Andong National University

Abstract

The objective of this study was to determine the potato starch characteristics acting as major factors directly affecting
the pasting viscosity characteristics of potato flours. Potato flours were prepared by freeze-drying, and in turn, pul-
verizing the whole-tissues from six varieties of yellow-fleshed potatoes, followed by the isolation of potato starches
from potato flours. Potato flours were analyzed for proximate compositions, and pasting viscosities. Potato starches
were investigated for chemical compositions (total starch, damaged starch, apparent amylose, phosphorus), average
granule size, X-ray diffraction pattern, amylopectin branch-chain distribution, swelling factor, gelatinization, and past-
ing viscosity. The pasting viscosity characteristics of potato flours were correlated to potato starch characteristics using
Pearson’s correlation. Amylose contents from colorimetric and IPSEC methods were negatively correlated to the peak
viscosity of potato flours. Both phosphorus content and swelling factors were strongly correlated to the trough, break-
down, final, and setback viscosities of potato flours. Also, the amylopectin short branch-chain distributions and final
viscosities of potato starches were strongly correlated to the pasting viscosity characteristics of potato flours. Overall,
the phosphorus content, amylopectin short branch-chain proportion, and final viscosity of potato starches could be
major factors to estimate the pasting viscosity characteristics of yellow-fleshed potato flours.
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b= RSl A 2013 &3t 6 F5(Yukon Gold,
Gem, Victoria, Innovator, Setina, Sierra Gold)] 3218-2
AAEZEE Azd ZA7FEE Dr. Kerry C. Huber
(School of Food Science, University of Idaho, Moscow,
USA)ZH-E A|gdtol Aol ARgSRith. A7 Al 2E
A&l AAEL 10%(w/v) NaCl &S 1.071, 25°C)°ll
A 7R AL 12%(w/v) NaCl £9(H] 5 1.086, 25°C)oll A
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3] Kleinschmidt et al.(1984)2] ¥gol whe} 4 =2
M A R 105°ColA AF7HE Azl o= AR
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ARZE B AS 60 mesh A ES FAA Al

TR oA FEZH7](LI16, Mettler-Toledo AG,
Greifensee, Switzerland) & ©]|-&3fo] A&}, ol
S Kjeldah'Holl oJal T A S E45 § o
A A 6255 w3kl AL THAOAC, 2000). %
e 2 e 7Hz AOACH 923.037 960.391
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whz} B4 &9 THAOAC, 2000). <=3HE HaFe 7xjaw
AZTH 100 goll A 2 d 223 2359 AZFTH
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Z JdsHA 3 & XA 314 7](Siemens D5000, Madison,
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&2 (Swelling factor)
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Table 1. Mean* values for the chemical compositions and pasting viscosity characteristics of yellow-fleshed potato flours.

o Carbohydrate®
Lipid© Ash®

Pasting viscosity (RVU)

Variety®  Protein®

Total® Starch®

NScC* Peak

Trough  Breakdown Final Setback

YKG  10.3£0.4® 0.7+0.1*

43+0.1° 84.703" 62.2+0.8" 22.5+1.0°

511.8£7.2% 433.3+8.3" 78.6x1.1° 590.8+2.1° 157.5+6.2°

GEM  10.0£0.0" 0.6+£0.0" 5.120.0° 84.3+0.0 62.0+0.4" 223+£04* 446.2+0.9° 445.1+1.8° 1.2+0.8" 641.5£0.6" 196.5+1.1°
VIC 7.8£0.4% 0.8+0.1° 4.5£0.1° 87.0£0.4%™ 63.3+£0.4° 23.740.9° 531.4+3.7° 321.0£1.0° 210.4+2.8" 406.1+2.9° 85.1%1.8¢
INN 6.0£0.1°  0.5£0.1° 3.9£0.0° 89.6£0.1*> 67.8£0.5" 21.9+0.7°  581.3+4.5" 233.1=1.5" 348.3+3.0° 309.9+2.6" 76.8%1.1°

SET 7.74£3.3*  0.8+0.2°
SIG 13.1£0.0*  0.6+0.1*

4.7+0.0° 86.9+3.5" 59.0£0.8" 27.9+4.2°
52+0.1* 81.2+0.1° 70.3+4.2* 10.9+4.1°

393.0+2.4" 390.5+0.6°  2.6+1.8°
558.9+5.7° 353.6+£2.8" 205.34+2.8"

520.9+0.6° 130.4+0.1°
442.0+1.6° 88.4+4.4¢

A Mean value of two measurement; values within a column sharing a common letter are not significantly different (p<0.05).
BYKG; Yukon Gold, VIC; Victoria, INN; Innovator, SET; Setina, SIG; Sierra Gold.

€g/100 g of potato flour (dry weight basis).
P Determined as follows: 100 - (protein + lipid+ ash).

¥ Determined according to AACC method 76.13 using a Megazyme Total Starch Analysis kit.
FNon-starch carbohydrate; calculated by subtracting starch content from the carbohydrate content.

Z3tal o] 59] i 54 Hol2H He 54
St THTable 1). Z=AME Ap7FRe] wwld gk
6.0~13.1%2] Wl AN SIG(Sierra Gold)7} 13.1%=
7 =3k INN(Innovator)’} 6.0%% 71g e ks
VERRAEE A S-S 0.5~0.8%2] BAE JERIAL
o, 3% T 3.9-52%2] Wl AN HAFL u}
gt & Zols YehA Lsdth F g@stE FEe
81.2~89.6%2] HHE HIom 7xpEF uet TAHL
2 fFoH ztolE HolA] grgkort INNe} SIGZE ZHzt
89.6%%F 81.2%= Hi 2 HA FFE YepfUTh o=
T E259 Ao A ol ok zjo] wWiEo R
i) $HH AR AR 59.0~70.3%2] HE
2 Jehilen INNT SIG7} 67.8~703%% A A o=
AR FFolR oW THE 452 FFEL 59.0-633%%
SAHCRE fAET 53] & ©@gstE daFel 2o
INN=} SIGE 22} 71 =41 Wepon) o] 5]

¢

=
L EAFOR FALEIN T SIGTF T03%E 7HY =8 &
T2 UERRITE A AR7FRe] ARk 2 AR &
FE2 UAET O wet AdolataA vt YRy o2 Rl
B = 35 M <ol A} (Burlingame et al., 2009).
SMESE PR MEsN EM1t Ho[AE M &Y
of ZHA|
FASH AR HolAE HAE 54 ASHER
A 7)1E o] g3te] A3 Table 19] AA &AL 742}
7H7e] Hol 2l HE EAL =2 HIHE} e A
AER 22 EIHEES Hole AR a= ga] Athd
o= v HyAre 2L HAXAERE B2 FYHEE
UelgE oz dEA AtkLu et al, 2011). ¥ A<

AR Hol~8 HE EX(Table 1) ZAFES u}
g} ot ot B Ao g B s o] ~E
Az B4 fA1e A3 eIl olef 72 A7t
Fo| Hlo|l2~gy Ax EALS IAEA U9 g2 AEEE

Table 2. Pearson’s correlation coefficients between the chemical
compositions and the pasting viscosities of yellow-fleshed potato
flours.

Pasting viscosity

Variables

Peak  Trough Breakdown Final  Setback
Protein 0.065 0.506 -0.256 0414 0.230
Lipid - 0.460 0.455 -0.500 0.392 0.257
Ash - 0.405 0.572 -0.539 0.515 0.382
Carbohydrate  0.028 - 0.555 0.333 -0.463 -0.274
Total starch 0.828" -0.541  0.741™ -0.578 -0.593"
NSC -0.592"  0.108 -0.370 0.183 0.292

#xp<0.01, *p<0.05

NG HHEA SskE, 31, AW Bl ot 4 uE
ol Aoz L#EA Urh(Higley et al, 2003; Shi &

BeMiller, 2002). 22| A] 7FAL71F2] Ho| 28] HE 54
BEFE A= AR RS TS A S5
Qe EAF dolad A EA Abold
A S TH(Table 2). ZA7FRS] FERSG3HE,
T, 2 3 SEEe AR dol2E e
HBAZE (AT W] AR & AR F
AE(=0.828, p<0.01) ¥ &I = (r=0.741,
p<0.01)9}t Fe] FAAAE YeERN o HITHE(=
0.578, p<0.05) ¥ =3}-%=(r=0.593, p<0.05)EH= &2
FHIAE JERN AT whEA] ZApERe] Flo] 2| M=
54L& A7ERe] ARl o AHARN dEFS
o= yerE) 3 AR vAE gslE
@2 AR HIAEE AT 890 R 4
ATH=0.592, p<0.01)E “ERH ATt Shi and BeMiller
(2002)2 AP FolA4 o] oyt ALEAE gk &
N QoA s fro] JAE o] H Tt FHAghhal BALsH]
o} wpeba] Aol i Aabks R EETE ekl
AE HIHEA ©3E E(cellulose, hemicellulose, pectic
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Table 3. Mean* values for the average granule size and the total starch, damaged starch, apparent amylose, and phosphorus
contents of potato starches isolated from yellow-fleshed potato flours.

Variety®  Average granule size (um) Total starch (%, d.b) Damaged starch (%, s.b%) Apparent Amylose® (%, s.b%) Phosphorus (ppm)*
YKG 41.8+0.7° 94.5+0.5* 0.4+0.1* 24.24+0.2° 870.0+0.0°
GEM 43.940.3% 93.8+0.7° 0.1£0.0° 27.8+0.1% 1150.0+£70.7°
VIC 36.5+0.3¢ 94.8+0.3* 0.2+0.1* 27.2+0.4° 620.0+0.0¢
INN 44 4+2 4™ 92.9+0.8° 0.1£0.0° 24.3+0.1°¢ 525.0£7.1¢

SET 34.5+0.6¢ 93.5+0.3% 0.3+0.0* 28.1+0.1% 805.0+21.2°
SIG 44 .8+0.9* 94.9+0.3* 0.2+0.0™ 26.9+0.1° 985.0+7.1°

A Mean value of two measurements; values within a column sharing a common letter are not significantly different (p<0.05).
BYKG; Yukon Gold, VIC; Victoria, INN; Innovator, SET; Setina, SIG; Sierra Gold.

€ dry starch weight.

P Determined using the colorimetric method of Morrison and Laignelet (1983).
F Determined via inductively coupled plasma-atomic emission spectroscopy (ICP-AES) (Anderson, 1996).

EM {5k
10 oo

G5 AR Holad Ux BRE AR
% A% 3w 9 BAE AT Ath Gebd 72
AR o] Eg|3ekE EAXo] 7ARrIRe] HolAHY Ax E
ol PIAlE Y AT HASE AR R Y
pele AR $ AR 4R dFse 27

92.9~94.9%%} 0.1~0.4%°] HAE eSO HAEE
Atolo| A BAIH SR FoAl ztolE YERA U Th
(Table 3). ol= A FAAZTH F= - AAE AL ES

A3 FARFI S (Lu et al, 2011), ¥ Ao zjel=
AA7FFERE Ao 35 - ARGl o) fash 74}
Aol AzEo] FAANERE ARREATHE HS vepdth
AR HHEUEE 34.5~44.8 ume] H ol dRom,
SET(Setina)7} 34.5 ym& 7H4 A9kl SIG7F 44.8 pm=
7VE & HAYEE JERN AT Table 3). AR Y=

olAY Hx SAE HHFA 2
## AJTHNoda et al., 2005; Slmkov et al,, 2013). &}
2 Ae] AR °‘Ei71h AA7EEE] HolAY H e

A

o]
S5 AAAAE BolX| eFUTH(Table 6). ot 72t
o] Athz AA 3= (Table 4)2} 3354 (Table 5y 74+
m5ol wel Aol ot o] AR HolAy A
S Hol|A] PUYTHTable 6). WEkr] AR
17k WE S, By TEd, 2 98 SASS PALE
o] EXo AHAQ 9L A x| &= A

e T

71—]]. dvb}ﬂ o]_l:ﬂEO}\ %]—E]:.O__ 24 3~28 1%0 l:HO]_E__ 1,].
BRI o™ ZAREFE AbolollA] BAIK SR foHQl Ao
g B3lon SET7} 281%= 71 =90 YKG7} 24.2%
2 7P 9 e e ItK(Table 3). %i29] #Holx
B EAo] o] ol E o A= HEQIA}IY WH-S A5l
(Tester & Morrison, 1990) AT HEE Y3 B4 A

2] 23 AGo] i3 AN FINA o 2
YA B3E A 2 ARSI, oPAR el BAE

Table 4. Mean® values for IPSEC fraction proportion, relative crystallinity, and swelling factor of potato starches isolated from

yellow-fleshed potato flours.

IPSEC fraction proportion (%)°

Variety” Amylose Amylopectin branch-chains cryszlelli?ltilt‘}lfi (%) Swelling factor”
F1¢(DP,>72) F2¢(DP, 25-72) F3¢(DP,<25)
YKG 20.5+0.5° 12.1£0.6" 22.5+0.1* 44.9+0.2° 32.1£1.6° 14.9+0.0°
GEM 22.1£0.1° 14.7+0.2% 22.0+0.3® 41.2+0.3° 31.7+1.3* 17.5+£0.7*
VIC 23.1+0.1* 10.4+0.2° 21.8+0.6° 44.8+0.4° 31.7+0.1* 12.6+0.0°
INN 20.4+0.1° 9.5+0.0¢ 22.240.3* 48.0+0.2* 35.0£2.4° 11.7+0.1°
SET 22.8+0.1* 12.4+0.1° 22.7+0.1* 42.2+0.3¢ 26.5+2.1° 14.3£0.2¢
SIG 21.0+0.6° 14.0+0.5* 22.0+£0.2 43.1+0.3° 27.9+1.1% 16.0£0.1°

* Mean value of two measurements; values within a column sharing a common letter are not significantly different (p < 0.05).
®YKG; Yukon Gold, VIC; Victoria, INN; Innovator, SET; Setina, SIG; Sierra Gold.
¢ Defined as the percent ratio of each fraction area to the total area of the chromatogram.

¢F1; DP,>72, F2; DP, 25-72, F3; DP,<25.

¢ Defined as the percent ratio (%) of the total area of the crystalline regions to that of total diffractogram (crystalline + amorphous regions).
"Determined at 80°C using a blue dextran exclusion method (Tester and Morrison, 1990).
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Table S. Mean® values for gelatinization parameters and pasting characteristics of potato starches isolated from yellow-fleshed potato

varieties.
Gelatinization Pasting viscosity (RVA)

Variety®
N T p° T* AH* Peak Trough Breakdown Final Setback
YKG 62.8£0.5°  66.6:0.3" 75.3+04" 20.0+0.1° 1136.0£15.9¢  123.3+4.6* 1012.7£20.5° 319.9+£3.0*  196.7+7.6"
GEM 62.7£0.1°  66.1£0.1  75.0+0.1°  20.4+0.2° 1550.6+£27.5* 143.6+£6.6° 1407.0+£34.2* 396.6+13.1*  252.9+6.4*
VIC 58.6£0.1¢  62.6£0.1°  72.7+£0.0° 20.0+0.2°¢ 1027.7+0.1¢  231.2+3.9°  796.6£3.7°  299.6+5.2¢ 68.4%9.1¢
INN 61404  65.7£04  74.7+£0.6> 20.7+0.1 983.0+18.7° 102.5£10.9% 880.5£30.0¢ 282.3+4.2¢ 179.9+6.6°
SET 60.6£0.1°  65.2+0.1¢  75.1x0.1°  19.5+0.0 1138.9+3.8° 299.3+ 4.2 839.7+8.0%  394.1+2.0° 94.9+6.2°
SIG 63.0+0.0° 67.2+0.2° 76.4+0.3* 21.8+0.1° 1351.4+9.4°  133.3+19.3° 1218.1£9.9"  325.7+14.8" 192.4+4.5"

A Mean value of two measurements; values within a column sharing a common letter are not significantly different (p<0.05).
BYKG; Yukon Gold, VIC; Victoria, INN; Innovator, SET; Setina, SIG; Sierra Gold.
€ Gelatinization onset, peak, and completion temperatures are denoted by 7,, T,, and T, respectively; gelatinization enthalpy is abbreviated by AH.
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Table 6. Pearson’s correlation coefficients between the pasting
viscosity characteristics of potato flours and the potato starch
characteristics.

Pasting viscosity

. A

Variables Peak Trough Breakdown  Final  Setback
MDIA 0.566 - 0.098 0.350 -0.035 0.073
AM -0.640° 0351 -0.534 0309 0214
P -0438  0.823"  -0.700 0.819”" 0.748™
DBAM -0.590°  0.206 -0.425 0.168 0.092
DBF1 -0462  0.768™ -0.681° 0.747"  0.653"
DBF2 -0.400  0.231 -0.341 0.245 0.247
DBF3 0.755" -0.789™ 0.845"  -0.755" -0.640"
RC 0.525 -0.388 0.496 -0.276  -0.070
SF -0.432 0.823"  -0.697 0.819"  0.749™
T, 0.075 0.396 -0.188 0.425 0.441
T, 0.073 0.306 -0.138 0.320 0318
T, -0.041 0.294 -0.190 0.267 0202
AH 0.639° -0.280 0.493 -0.322  -0.365
PV -0353  0.667 - 0.566 0.688°  0.669°
TR -0.686"  0.152 -0.444 0.088 -0.025
BD -0.096  0.545 -0.363 0.584"  0.603"
FV -0911"  0.730"  -0.893" 0.754"  0.735"
SB 0.121 0.344 -0.135 0.432 0.543

*p<0.05, "p<0.01.

A MDIA; average granule size, AM; apparent amylose content, P;
phosphorus, SF; swelling factor, DBAM; amylose fraction in IPSEC
chromatogram, DBF1; long chain fraction (F1 in Table 4), DBF2;
intermediate chain fraction (F2 in Table 4), DBF3; short chain fraction
(F3 in Table 4), RC; relative crystallinity, 7,; gelatinization onset
temperature, 7; gelatinization peak temperature, T; gelatinization
completion temperature, AH; gelatinization enthalpy, PV; peak viscosity,
TR; trough viscosity, BD; breakdown viscosity, FV; final viscosity, SB;
setback viscosity.
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