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Abstract

The objective of this study is to investigate the optimal conditions for the isolation of individual parenchyma cells
(PC) from domestic potato flesh, to determine the proper potato cultivars preparing the dehydrated potato PC to
maximum yields, and to identify critical factors affecting the isolation of PC from potato flesh. The isolation yield
of PC from frozen potato flesh was 2 times higher than that of raw potato flesh. Commercial pectinase cocktail with
pectin lyase (relative to polygalacturonase) as a main enzyme was more effective in isolating PC from potato flesh.
Once pectinase cocktail was diluted 200 times with deionized water, free potato starch granules and damaged/rup-
tured parenchyma cells were observed in dehydrated PC to a much less extent. During 2 h enzyme reaction, max-
imum yield (66.1%) of dehydrated PC was achieved at pH 2.5 and 50°C with 14:3 (v/w) mixing ratio of reaction
medium and thawed potato flesh. Of domestic potatoes, Chuback, Chudong, Chuyoung, Dejima, and Gawon potato
cultivars were appropriate for producing the dehydrated PC material. The isolation yields of PC from potato fleshes
was significantly influenced by the hardness of raw potato flesh and the total starch and non-starch polysaccharide

content of potato.
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Carl Zeiss Microimaging Inc., Thornwood, NY, USA)S
o]-g-3te] 408) <] wi-&= 23 tH(Kim & Kim, 2015a).
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Table 1. Effects of separation conditions on the yields of parenchyma cells from potato whole-tissues

Set Potato Enzyme E . T t \Y% w Yield"
¢ status type (times) p (°C) (h) (mL) (g (%)
I Raw 33095 2007 25 50 3 350 7 2232.6"
Frozen : 56.7+1.5°
30 25.4+5.9¢
1 Frozen 33005 2007 2.5 40 3 350 75 4534310
50 58.142.4°
28.046.9°
1 Frozen 33095 2007 2.5 50 2 350 75 60.7+3.6°
3 58.442.3°
2.5 61.6+1.1°
b
v Frozen 33095 2007 33 50 2 350 75 42.5£5.6
45 21.6£2.1¢
55 0.40.14
507 52.9+5.6°
4) b
v Frozen 33005 100° 25 50 2 350 75 53.6+3.8
200” 63.843.1°
4007 48.8+3.5
33095 .
VI Frozen 2007 25 50 2 350 75 614418
SPL 54.6+3.4
50 49.6:0.7°
:l: a
Vil Frozen 33095 200” 25 50 2 350 75 66.1=3.1
100 51.4+1.8
150 36.3+0.3¢
VI Frozen } - 25 50 2 350 75 0.120.0

[Abbreviation] E: dilution times of enzyme solution, T: reaction temperature, t: reaction time, V: volume of the reaction medium, W: potato weight (w.b).
YMean value of three measurements; values sharing the same lowercase letter within a column of a set are not significantly different (p<0.05).

25.8 U/mL.
323 U/mL.
#11.5 U/mL.
2.9 U/mL.
927 U/mL.

353l A= A (56.7%)°] FeFe=z
S YERR A tHp<0.05; Table 1-Set I).
Bordoloi et al. (2012)& FAIEES A 7222 Yo
U3tA OLZ]'E]‘H 01 59 A7|¢F Beo] vresithar
B 12, FhHS slE Al FEE 9
T /éi ‘rr«]@?l 9 357 (drip loss)o]
AStotal B39 th(Jang et al, 2014; Park & Song,
2015). B 04?-01]/\1 Al 71;}}_1131;]. 1@571-;}2110 =0
A TS YeRd A2 etz ssol u
% TT’HL_ el R AlEA ] =R (drip) 22 FAIET}
ZEo] FAIZE Aol EAllste ARl B2 S0 gt
‘51% 7Pt BAaEl] 2Heo] A ARERA H} g0l
7] tq}—‘jroi Azt e ARAAIE AR e] A
< HHoE T o AAE Wsste] AehHA ARE-st
Zlo] ZAE] A 2(4~8°C) A Al A-2Fstd el o]t
AR &2 (Kaur et al, 2009)S HA3}EPHA HL&
Eo AFAMEE 48 F US A= ekdr

j&
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WEdAz22 o 2 HE AAFAIES] & ut
7F 30°ColA 50°CE “d<sataA] 254%Cl4 58.1%%
S} 3 (Table 1-Set II), ©] A3 pectin lyase2} poly-
galacturonase®] &AWHg A 2571 50°C 2ol P =
7] WS 2 AZtEtH(Tomlin et al, 2013). WFSAIZES 14]
ZHl A oA 7o 2 ZAAAHA ZAFSAHE 480
28.0%C141 60.79%7H4] A 3] S7ksksd ot 3R] A%
SIS We 584%% 2A17F RESSIlE wok oAl 2
o2 ®o|x] e¥9kthTable 1-Set IMl). ¥ pHE 250041 5.5
2 Z7hehA AARAE Bel5go] 61.6%A 04%2
Zr2231 A TH(Table 1-Set IV). &l 7FEa| @ A E2] AYikA}
Ztgo] ofshd Aol A ARE3H AP A HY THrEs s
Z22E=(Novozym 33095, Pectinex Ulta SP-L)  Aspergillus
aculeatusZ5-E] YArEo] AEZ QX 7RI T LAES T
ool Ak whEbx ARk A ] ek SRS A AER

= 7R aase] HEg EAs e FAERS &Y

AA SHE 582 ASAZ 4 ATk A aculeatus

¢
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Fig. 1. Light microscope images of dehydrated potato parenchyma cells prepared at different dilution of enzyme solution. PC: potato
parenchyma cells, ST: potato starch; A: 50 times dilution, B: 100 times dilution, C: 200 times dilution, D: 400 times dilution.

e AE2oA R a4 FF pHE 5.020 whHo|
(Naika et al., 2007) €l 7+=RearE2 FH3F pHE
35°]E]-(T0m11n et al, 2013). AFH o2 FAAFAE 2
£o] pH 2594 7M=& AL 52 S AEES
7}—?%@_&%% o] A= A7) Wl A At
FEA HEl 7R EAES GolTE
4000 2 3)A5te] g Aauke k=gl 350 mLE 1 mLE 7}
sto] A EEl g3 FEjeh S0 tigh EaA
S| 93-S ZASIYtH(Table 1-Set V; Fig. 1). &l 7}
SR G20 3 AujE7E 50u oA 20080 2 F7EFAA (&
o] st AAHTAI Y] EEaES S7Hee
L 4008 2 3] A ste] ARR-SE A9 BE|FE&2 AEksT
7F 2700 A EElste Alxd AXPARAHEE A Ssle)
o FetunH oz AAA-S wf 504 (Fig. 1A)2+ 1008)
(Fig. 1B)Z 3|4t 8l 7eislad A 2E2 A=
& AAAREE] =o ez #FEY o} 2008 (Fig.
10)¢}F 4008 (Fig. 1D)¢] 7% 3] w2 H== EA3HA
ot o]} e Ay= HEl VRS EAE S0k 1008
= _4/\4 3]. 7:] o /mg o 7}5[:%3“_—9:}\5_4 51-}\-] 0 ;(-]]3].
S °‘—t— @& pH Z7lolg} stelete 2008 <F 40081 =
S|Agl 7ol vlE] AR FE FE AEEeA
R EAE0] FAdE a4 Yo EAsH = 2At
Z2 9] gauks Bk A EES SN AR R #
AEZ QRZE FEE] &4 FAZES I BARFAE

3ol LN Wz AztEn

Hel 7R a4 SRl ek 932 pectin lyase}
polygalacturonaseE ©]-&3}e] ZALE S THTable 1-Set VI).
Pectin lyase®} polygalacturonase %] 2]E°] ZH2} 61.4%<}
54.6%0 =2 o AL ZeeES HEpSle
™ pecin lyase”t ZHAHTAIE22] E2]oll FT] a3 0|t
TAREE S8 xR o E3H g FFS A}
StS wW EANg S8 350mLel THAERZ T75¢S
7hek= Aol 7 & AARFAE EeveEes U
(Table 1-Set VII). npA|eto g HEl 7t-Ba) A0S o] &3}
of xRN E FAXe] FE7t A" Tl el
o] GERIA pH2.59] FAAF 583} 50°Ce] ¥h-g-2
el FAIEZE Abele] ARy E2dES] /&4 S7F

ZIAIA Q] sntel] ofa)] fA XS] =EH R E3bshe
A E Atstr] 98l A 7t a5 A9l gk & A
S22 shollA RS A28k, 0.1%] ZAAHTAIE
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Do ol
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58S AUK(Table 1-Set VIII). whebA lé Aol A
Eapd 511 o 2iH vHIEA e Y e aaEl

o)/l éﬂr% sk,
AzR }w/ﬂliﬁ 2 Az A9 gAEdom iy
FAES FAEd2A2 YedAEdS 988 st 3
TAAEH 753 100mM FAXE SF-8(pH 2.5) 350
mLe] ¥l&E &8l 2008 A€ AE speEafas
(pectin lyase’}t 8 FAEA) &9 I mL 7Fste] 50°C
A 2A17F ZoF 7| Al A o2 wHlsl= Ao t).
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Table 2. Effects of potato cultivars on the yields of dehydrated
potato parenchyma cells from frozen whole-tissues of potatoes
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Table 3. Total solid content and hardness of raw tissues of
potatoes

Category Potato cultivar Yield (%, d.b)"

Atlantic 51.8+0.2%°
Bangul 51.5+1.0%
Chuback 54.0+4.2°
Chudong 54.7+3.9%
Chugang 53.2+£0.2%
Chuyoung 55.8+2.0°
Dejima 61.7£3.3°
Gahwang 27.942.7¢"

General potato Gawon 54,012_92‘? J
Goun 50.3£0.5™
Irish Cobbler 53.1+£2.4%
Jopung 41.142.1°%F
Jowon 54.0+1.4%
Namseo 51.2+0.47
Sebong 26.0+2.8"
Shepody 37.0£1.1°%
Sinnamjak 31.4+3. 7%
Superior 50.7+2.2%¢
Haryeong 47,042,254
Hongyoung 40.9+3.14%"

Colored potato Jasgo 4'3i1'1?
Jasim 7.8+£5.6
Jayoung 35.8+2.5%"
Seohong 21.3+3.7

YMean value of three measurements; values sharing the same lowercase
letter within a column are not significantly different (p<0.05).

Rl 6550 FAMARTE A EE EEste] Az
HAFAE A 83 AT Table ) SR lxdd)
Ealste] Az dxgAFAEe]
61.7%2] Rl AANoH, 50% ol/de] —’F%—
o, AL, ), B, W, A, B3 5

o, 7H, 58, 79, A F54 7L7<}C Lo FE
Skt Atb AARAl 2] Z2 § 357t 7hsd

5 TFREAGAL) AREA 2

:(m
ol
o
N
N
ol
o
tjo

o
48 BT W, AELHAE 249 ARZE A,
W, 5%, 59, 29 B vt A% Ao% B
EEl]

Total solid

Category Potato cultivar content? H(e;(rﬂi};];sg”
(%, d.b)

Atlantic 22.4+2.8® 312.7+5.3hik
Bangul 19.8+1.0% 278.2+10.4'
Chuback 16.7+0.8%% 310.3+6.6°%*
Chudong 17.70.70 288.8+9.34
Chugang 21.8+0.5® 315.1+15 2%k
Chuyoung 19.0£1.2%0cde 303.5£5.0¢ehiK
Dejima 22.9+0.2° 287.6+6.4"
Gahwang 16.8+0.7°% 339.9+20. ] defehi

General  Gawon 18.6+0.6™% 310.3+32.28k

potato  Goun 22.7£0.2° 336.549.20eh

Irish cobbler 19.3£0.4%0cde 307.6x17.0"k
Jopung 14.8+0.1° 323.6£12.2°N
Jowon 16.0+£0.4% 293.3+£2.6M
Namseo 18.6£0.8%d 298.2+5.9M
Sebong 18.60.6%% 401.7£16.4%
Shepody 23.0+1.1° 345.5+12.7%
Sinnamjak 16.9+£0.2°% 407.249.7®
Superior 20.6£1.6" 323.6+3.0°f
Haryeong 20.8+1.4%° 340241 %fehi
Hongyoung 19.120.5% 325.4:+6.5°%h0

Colored Jaseo 16.9+0.2°% 427.742 .47

potato Jasim 21.2+1.20%¢ 393.6+8.2%

Jayoung 21.6+3.2% 378.749.5%
Seohong 17.9+0.5% 369.8+0.8%

YMean value of three measurements; values sharing the same lowercase
letter within a column are not significantly different (»p<0.05).

&2 Aol o3 AzH AZFAGALS] 58
) 54 S st Mol 80
o] = TYPE TS 14.8-23.0%2] WL Ao AF
HAZE 23.0%2 7P =Row 2FAATE 14.8%= TP
SOkTH(Table 3). ©]¢} 7+ A= 20F59 S 22t
o] & IYPE TS ZAIS Lee et al. (2012)2] Ao}
AR A F AP E T2 ARAFA £
TE& Atolo] frolAel FaAd YERAl & thp>0.05;
Table 5). A 2R A== 278.2-427.7 kN/m?*e] 8 9
o Yglem WP TP Werer] AT} A
ES FEE UERHUTH(Table 3). AAAFe] 234 == 1
ZAAA L] & S0 A A (=-0.888, p<0.01)E
LERY $ATH(Table 5). Borodoli et al. (2012)= 7AF=Z U
o] frAlEEo] AL U2E FEE MEE] e
27F =EeA MdEHY e ARG =2 FARA
(fracturability)2} 74 = (hardness)& WERATFAL 3Gt wfe}
A AAxA o] 2HA =T 28 AALF S AR Yo
FrAl S0l AL HEE ] S o' AzEm o2
el Al o] Al I} AR sh= Al ] Al 2 Ato]d]

oﬂ o 61:
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Table 4. Chemical compositions” of flours prepared from potatoes

Category Potato Protein Lipid Ash TC? TS? NSP? Pectins
cultivar (%, d.b) (%, d.b) (%, d.b) (%, d.b) (%, d.b) (%, d.b) (%, d.b)
Atlantic 9.3+0.0%% 0.2+0.2%¢ 4.2+0.1% 86.3+0.1%%"  70.2+0.2>¢ 16.1£0.3%% 2.1£0.2"
Bangul 8.9+0.7% 0.60.1°¢ 3.8+0.1%" 86.7+0.5%4 71.1£0.7% 15.60.3°% 2,540 31N
Chuback 10.0+£0.7%% 0.7+0.17% 4.7£0.0° 84.7+0.7%F 66.9+2,5%fehi 17.8+3.3%d 6.8+0.2"
Chudong 11.9+0.6° 0.4+0.17% 4.1£0.1° 83.6+0.7° 68.9+0.3%4F 14.6£1.0% 3.3+0.1%
Chugang 8.4+0.0% 0.5+0.0° 4.2+0.0°* 86.9+0.0% 68.0£0.3%dfh 18,940,320 8.8+0.2%
Chuyoung 11.4+0.0* 0.3£0.1° 4.2+0.0°* 84.240.1%F 66.2+0, cfEnik 18.0£0.1%% 3.5+0.2°
Dejima 8.4+0.0% 0.7+0.17% 4.4+0, 1% 86.5£0.2%%  69,7+0.8%% 16.8+0.6™% 4.8+£0.2°
Gahwang 9.8+0.6™% 0.2+0.0% 4.2+0.1% 85.8+0.7%4F  §7.6£1. 70N 18,242 5wcde 7.2+0.1°
General Gawon 9.9+(,7%cd 0.8+0.5%* 4.4+0.05% 84.9+0.1%%F  68.2+0.1%%h  16,7+0,2%c% 4.9£0.4%
potato  Goun 8.4+0.0% 0.3£0.1° 3.5+0.0" 87.8+0.0° 73.8+£0.3° 14.0+0.3¢ 2.0+0.41
Irish cobbler 8.9+0.6% 0.7+0.37% 4.1£0.1°% 86.4+£0.30cd  68,1+0.20fh 18 240,00 6.8+0.4™
Jopung 10.3+1.3%¢ 0.4+0.27% 4.6£0.0° 84.6£1.1%F 65.3+0.0¢k 19.3+1.1%¢ 5.9+0.5%
Jowon 8.9+0.7% 0.3£0.1° 4.1£0.1%F 86.7+0.8%4 66.2+0. 1"k 20 5+0,7%° 5.8+0.0°
Namseo 10.7+0.0%¢ 0.8+0.1%° 4.7£0.0° 83.8+0.1%" 63.0+1.4 20.8+1.3® 3.4+0.3°
Sebong 8.5+0.0°% 0.9+0.17 4.4+0,0%c 86.1£0.07%"  69.0+£0.35" 17.1£0.3%% 2.4+0.0%"
Shepody 9.9+0.6%% 0.7+0.27% 4.2+0.1% 85.2+1.0%%F  65.9+] 5tk 19.3+2.5% 2.1£0.3"
Sinnamjak 9.5+0.0%% 0.6+0.1°¢ 4.4+0.05% 85.5£0.1%%F  68.6+0.8%" 16.9+0.7%% 2.940. 1"
Superior 11.1£1.1% 0.6+0.1°¢ 3.7+0.0%" 84.6+1.2%F 68.1£0.4%4h 16,5162 3.2+0.1%"
Haryeong 7.520.0° 0200 37:00"  885:0.0'  71.4+04 171204 2.5£0.0%"
Hongyoung 10.7+0.6° 0.3£0.1°¢ 4.5+0.1% 84.6+0.8°4F 63.9+0.3% 20.6+0.5%* 6.4+0.2"
Colored Jaseo 10.9+1.5% 0.60.0% 3.5+0.4" 85.0£1.9%% 66,90, 5d%fEhi 18.1x].3%c 5.1£0.3%
potato  Jasim 9.0+0.6%% 0.3+0.1%d 4.6£0.1® 86.1£0.724"  64.8+1 .0k 21.3£1.7% 5.0£0.0%
Jayoung 8.5+1.3% 0.10.0¢ 4.8+0.1° 86.6+1.4% 68.1£0.20dfh 18 541 pebede 3.1+0.6""
Seohong 11340.0%  0.6£0.1%¢ 45800  83.6£0.1°  64.3£0.5%* 19.3£0.6%¢ 2200

YMean value of three measurements; values sharing the same lowercase letter within a column are not significantly different (p<0.05).
ITC: total carbohydrate content, TS: total starch content, NSP: non-starch polysaccharide.

Table 5. Pearson’s correlation coefficients among the yields of potato parenchyma cells, the total solid contents and hardness of
potato whole-tissue, and the chemical compositions of potato flours

Variables pCCY TSCY Hardness Protein Lipid Ash TCY TSV NSPY
TSC 0.173

Hardness -0.888" -0.084

Protein -0.088 -0.331° -0.064

Lipid 0.046 -0.149 0.014 0.105

Ash -0.074 -0.167 0.048 0.117 0.094

TC 0.090 0.367" 0.041 -0.944" -0.299 -0.388"

TS 0.317" 0.381" -0.106 -0.474" -0.112 -0.580" 0.598"

NSP -0.334" -0.228 0.170 -0.043 -0.062 0.461" -0.073 -0.843"

Pectin 0.038 -0.308 -0.188 -0.041 -0.015 0.204 -0.015 -0.033" 0.374™

"p<0.01, "p<0.05
YPCC: potato parenchyma cell yield, TSC: total solid content, TC: total carbohydrate content, TS: total starch content, NSP: non-starch polysaccharide.
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