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Abstract

This paper examines the effects of various methods of soft steaming(i.e., forced convection-boiler, forced convection-fan,

and natural convection) on the quality of potatoes. In particular, the paper investigates the effects of cooking conditions
(the steaming method, the treatment time, and the temperature) on the color(L, a, b), moisture content, texture profile, and
ascorbic acid of potatoes. The results indicate that not only the cooking method, the treatment time, and the temperature
but also the heat transfer mechanism had considerable influence on potato quality. In addition, natural convection steaming
was superior to other treatment methods in terms of nutrient retention and texture maintenance. The results of this study

should be useful for establishing commercial standards for processing potatoes and improving the quality of thermally

processed foods.
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A K Solanum tuberosum 1.)= 7}X|, EnlEQ} Z+& 71x] 1}
o] 13X AE=A, Bg7|7to] ol B gt 2340l
AR A AR 2 Wk 359 Eol AL Al 4T) A%
7h&-H| sho|tiHawkes JG 1988). A= BF ZHEof| ]
o WY BAo] Fol, vF, 5 5 AT FHO
2 o] &HI 7= sk, 10 A AH]FFo] 100 kgof] Bt
Tk eiA QlrkLee 5 2009), Selberel 74 AepEA L
oF 20,540 hao|d, o] & ¢k 80%= & A2 Auj= Y=
G YA B 2000), T An]eRe ke Z7kska glck

WAL 2RE TP G2 AB Usjel 2ol g
(75~85%), AE(16~17%)9] FFELe2A a8 Wt of
Yz}, lysine, methionine, tryptophan 5 Holu|-Ake] ek
o] TS BHIAL BRI 9ol YFHHCE 1 /AL &
ot & 4 ti(Mullins 5 2006). £3], 2363 kcal/100 g)

Y IRl vish A 22 AE<Q1 ZRHT6 keal/100 g)7t 7
Frotal e FEY FHAQRWI00 g Ax HYS AA oF
10%7} o] thFE] I7of Tid Tl o] Shefa vl
3] FtHMcCay S 1987; Friedman M 1996). T3} o] 5 2
gh AEA 9 93 A T o] o] H[EH C, B, Bs,
pantothenic acid 5] et} Z¢, A, & 59 F714,
a=ja gEjgry 472l flavones MAE FHSHA TRt
9= Aoz oalA ¢tkShin 5 1994; Ahn 5 2004; Cheigh
= 2011).

SHH, A FE52 & =0l wEk kAl g heges
Urlojx=tl, gyhilg FFo2= 1930dd vt
S =% JIZK(Irish Cobbler)& Z3§35te] 4=u|(Superior),
ZZ(Jopung), ‘& A|(Namsuh), ZF4l(Jasim) Fo] 3L, 7H5-&
F522+ A 784 HA(Atlantic) FF 5 A =
2o] 71581 Al&(Shepody) 5ol ItHCho 5 2003; Kwon
5 2008). <=T|(Superior)= 19613 oA SAH EFO0=
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E4o] ot 48 4 3] 7h-go= A= 9o, AP
B AR50 FHL AE7PE Eow, 2 A A ST
shepol wrob 7k &-g490] ETHKwon 5 2008)

2| TR AlEANY E AE|REY] o @ to] BhE u)
o, Ald, A, AH Y 22 7HEEe AA 44E 1A
g AR a7t vdo] Sk e AR olthKim F
2007). 22, 9FSARET B AAY S AW AR
= 159 37 T =5 27 &4 71Q1F a4 24
S5 575 183 nAE WA o Qlste] F4at
/o] W= AstE e S 7HA L §lew, olgt £
o2 Q] o] AAY AR O H n|AEF A
o] A3}7} WASHA EthKim DM 1999; Backer 5 2005; Kim
2007). GRtA o= AFAYGoA = AFY FHEEL 7t
e flste] 92, 54, 7he, 28, A Y 7 3

2225 Y5t ==t AFel d& A=st 7Heshe

ol

b}

ro

[e]

lo

o)

2L N of o o
e

o

roasting, smoking 5-2] B o] o] & &1 It Chun JK 2002;
Cheigh 5 2011). Z2|u, A2 &3t ALY 28] D 75
< texture®] A3}, color®] W3}, 13 HIEY] Co} 7712
S @Ol FRt Y A= IeHH why] 9 &4 opr|gt
TH(Tijskens & 1997; Murcia 5 2000; Arroqui 5 2001). w2}
A, 2 ATE Ao e 95 s AR QAFER 9
£ A-22F(soft steam) BA 2| FF9 Al 742 hE S
Hggrozn 2] Fho] plAE YL W Brle
A shsich
TE D

1. =M=

B Ao A ARRE ZRK(Solanum tuberosum L)= 9 &
2 dojollA Auie Ao, 742 7|9 M7, Auf7]|7to]
H|5ka F80] 2 AL UK o]&2 9F7} &3t
%) =S polyethylene bagol] 9ol WHAT) BE|glon]
AR A7 Aof| Ao 2 FPsto] ARGEHATE A A
S PR RUs BAQ4SHS 92 Melstol AH 5 vl
SHAT, 94 2719 RS Q7] s B ] 03 on
& R (periderm) S g+ W O] Zo]7} 2 emQl FSHAZ 2

2tA Aol ARSI AT

2. AR AX2| 2y

ARk gt A" A g]= YRty oz de) AREE AL §l
+ forced convection-boiler(FC-b; Steam cookers G2661, Miele
Inc., Princeton, NJ, USA) 9 forced convection-fan(FC-f; Steam
oven EON-C201S, Tong Yang Magic Co. Ltd., Seoul, Korea) ¥

At tigt Ae2d A2 avt 51

A& AR FU - 9 2998 F 71X]9} natural convection
Hl41 9] ZEX|(NC; Soft steam oven-laboratory, Tokyo Sokki Kenkyujo
Co. Ltd., Tokyo, Japan)& o|&3dle] $3= At o= NC,
FC-b, Z18)a1 FC-f B} 9] AeA¥ dX 7= 60~80Te) 7}
2% W 20~6022 HHAIZE 5 =G oH, o] 7
Z+ol Azl tigt A 7Y 4 W37} v FrE
Ak

3. Mg &%
A A 78] M= 2L gpectrocolorimeter(Color Quest XE,
Hunter Association Laboratory, Reston, VA, USA)E ©]-&3}o]
L(lightness), a(redness) 2 b(yellowness) 7t 7435 0H,
olf) AREE EZ WimRO] L ZhE 9771, a ZHE —0.07, 1T
b ke 01801900k 2T L a b ge] HEE L ghe] 53]
7 ARSE WA ARE, (3] 0 D b o] A4S
24 W o] Y} 22 ARE AS Yepd. 7 AR
= 2EAE F 204 3027 AR v o, RS 4
7t 6% vk 2Hojol B BEEAR ek
4 22T &7
7
y

2" Aelo] e ke FRIFS HM $82Y
Z

(FD-610, KETT, Tokyo, Japan)2 AF&3t] 243ttt 24}
ANEe 28 AP F, 2ol 3087 WUAste] F835] E&

A% ke, AWe) Welm "ehd 10 g¥ AMESIATh

5. Texture &3

2} 2708 28 YR 22 AR texture ZHE Texture
Analyzer TA-XT2i(Stable Microsystems Ltd, Godalmimg, England)
£ 0|23} texture profile analysis(TPA)S E3] +3F =L
™, cylindrical aluminium probe(35 mm diameter)S ARE5}o] test
speed 1.0 mw/sec, distance 20% strain®] ZZA oA 33] HlE =
Hotol BRgky ERUAE BASHATE AR texture 57
= &3l EolXl TPAE &4t ZF A& 9| hardness, springi-
ness, cohesiveness, chewinessE 5} thBourne MC 1978; Breene
WM 1982). Hardness(7 =)= 452 FEIE HFAI7|=H €
2% .22 Boume MC(1978)] o] wja 3 wa) <1zt
(first force)ol] |3t T4 9] 1 F Fol2 S48 L, springi-
ness( )= 59 ol o3 HPHE Al 27 29 AJH
2 HEoptes AR F WA 2Ksecond bite)e] XHH
ol A peak7}A] &) AlZHE A WA 42He] Aol Al peak7A|
O] AJZto]l thgt Bl&= FA|SHITE Cohesiveness(-3-5 )2
AZ 9 HHIE g2 §A5te= F o2 Kapsalis 5(1970)
o] Wreoll what FHA) GAK(second bite) 2] HAE AHA
2k AR gt vl&= AAESHTE E3E, chewiness( 7] 4)
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6. Ascorbic Acid &t2f S8

Ascorbic acid(R]EF C)= AE-F AW 2J3) 2,4-dinitro-
phenylhydrazine - o} 85101 ZH3HATE A2 10 goll S%wh)
metaphosphoric acidE- 7}5}1] waring blendor(HGB7WTS3, Waring
Co. Stamford, CT, USA)Z 15 F2F ujaf & A152](3,000%
g, 105)3}o] AFSol-S F 314, filter paper(Whatman No.2)
2 ojijsto] Hlgtyl CE &3] 55t ARSI A A
A= o7}l 2 meof 0.2% 2,4-dichloropenolindophenol -8-98-&
Y3 187 9A] & thiourea-metaphosphoric acid 828 2 m(Q}
2 4-diditrophenylhydrazine(DNP) &0 1 mlE #7}stal, g
Z(37:1 C)oflA] 3AITE BEEAIR &, ASEE PZAIHTh 85%
i o) 5 1S 387 WA Ao T, ALo)H 3087
R g Th, 540 nmof| A &%= (NanoChem L800, Nano-hitec,
Seoul, Korea)E 573ttt HIER Co] 2 & H]EHI Cof
Al 4teke HIER CE W gre = shglen, A2 33 vhE
sto] Bt BEHEE Aok

Zat Y o
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Natural convection(NC) ¥-2]3} forced convection-boiler(FC-b)
2 forced convection-fan(FC-f) ¥4l o] 27 ¥ A2AE IX
28 o Ao A= sk gxTaADele) Mg ¥
s AEsAkFig 1), J27 AR BF AL L 3k
7232, a 3¢ 0.06, 12T b ZF 22.14Q.01, AEAe] o] A
= Woke L gte] A9 WE HelZo] 27]0] tha: e 4
= mgou], A7) Z7hg] tet S0TolH FuHee o
7o) Apspo] BAELOL, L 3 B Amo] g Ao

- HERELD LR

=R gkokeh a 3o A, A2 Hoj vls] 60T A
oML oRzhe] o] BAHYOL, Helewrt 0T
obgell wet A2 A ol Bls] tha st B
ek b 3 A9 E3 AP 27 el wet it
of ul3 M BAshe AFE ehpgon, A7) T2
Apol= TWEEA| gtk
A¥EA 0 2 NC, FC-b, 12|31 FCA 1A 9] A A of 9
FESIE 4] A Hol BAEA dsteh A8 94X
olst M- o] Z+a ZFAY 9] polyphenol oxidase(PPO)<]|
olgh @ ZHlo] SAE|9] Rolzt ALRETE. PPOO|
PEAY ZES gape) ) A F2 ek HaEA
oz, A& Yol A= Hl=3tEd PPOY ¥ F3H
A% quinoneF77} THA] SotE| o] ZH1 ] melaning %43t
THRivas & Whitaker 1973). PPO= A} 232)2] A2 Ujoj
Ao, Belol 7195 AT o] 22 i 24 3
o o5 212 7ol v, ek 9 dicing 58 Bale] x
20| &4 a2 Qg A|lzuto] &4 EH A2 vkgste] &
22 7 whgo] XgPHrt o] a4 B4k pHE R
FAG dastel BEE Hash o] olg WY, P}
A|(antioxidant), }ZA|(antimicrobial agent) S-of 23} o]Fo]
Aw, AR QT AT A8 70~90CofA 7+
A a7-# 9 Aoz dHA JQtHMcEvily 5 1992; Martinez
& Whitaker 1995). whahA], &2 AF Y] M=l a gho] 80C
A S FAEE AT Bake ZEEgel] BRASE A%
7t 2" EAHEE F8l AN 2 ALE AlREH,
ool ATE Tl A2kt Aol oE kY A
a7 B E7) = st ey, A2 9 AHA|ge] oE

Ao pole A Fdes FIT = A
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Fig. 1. Changes in color(L, a, and b values) of potato with different steam treatments at temperatures of 60T (open
symbols) and 80 C(closed symbols). O, @, Natural convection; A, A, Forced convection-boiler; [, I, Forced convection-

fan method. Data are represented as the mean and S.D. values.
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Fig. 2. Moisture contents(%) of surface(A) and center(B) of potato with different steam treatments at temperatures of 60T,
70C, and 80°C. FC-f, forced convection-fan; FC-b, forced convection-boiler; NC, natural convection method. Data are

represented as the mean and S.D. values.

Zko] 5ol wH el fEge HIE A7 2%(60~80T)0
el S5 THFg. 2). A A 2 AR Hdt 5
B 81.25%2 A|EAEE BEAX (223 F 20069
81.4%%t F-AKSHE 0, Fig. 20] 49t o], ANl 7A}<]
SR AERETt oldeE WA BRSNS, IR
WRet o] R A A FARFE oW, AR U
Fo] EgEfo] Bt MFF o R A HE S T &
AATE A2AE A Ao 2 EgFe HIlE By,
A= 60Tl A= Al 714 WA mEEof|A] 3% zfo|&
UERfR] Fgto, 80T AHel2oAs AgA e W4
Zro] B3 W & Ao 2 IFEE ek E3 Fig. 249
Boj|A] oz AT o), NC 4] o 2 Xz Ao A A
2o 3y 9 i Bk Hapl 7 2 Aoz E9ly
Qow, FCf Ao 2 Hejd AR sReMol #H 9 |
R nfoq JjFeg 71 & Aoz B ol =
7] 7VEA YR 3718 I E IHA A 229 A5S F
k= W g e] R 2 Q) 41Ee] 7 FaEAol
A7) gEe2 FoEE 3, NC ]9 AgX =
7hEA Y7o AAYFE B3l SHFHoE YAH A" F
e A&H o2 §A5H, A7t M= A7 TH
S8 &40 A gidd AeE wotE

3. AEIX2| ghAlo) 2 2ZHK}e| Texture i3}

A2 o2 A2y 47 S S A= 60Tt
80CoA 7HEE ALY texture W37} AEE ATKFig. 3).
Hardness(F =)= A 2= 80CoA 2|1 A A|Zto] 24
o] e wgh HAdhe FFS Ao, NC B9 A&

7H A RS o2 FA1Y A AgE0] vls) Aoz
Hago] BA W E AT Springiness(3/d) 2] 7%, 60T
Hoh= 80 CollA Le]ar A A|gto] AojdesE ¥ gk
UEh 1oL, hardnessof| A9 Zro] NC A 2|3t HAA| 29
springiness7} T2 = W ET =2 £AE B4tk A&7}
HH o FHE IHE A5tz A= o= cohesiveness(-3-
e A Wijolu 24of whE H3E HolR= Je
L, NC A2 AJgof|A] Algte] wha} ofxte] Abgo] =R
t}. Chewiness(H 3 4) 2 F &2 AH=EB0 )4 A=
AZro] F7kstel whet ARkAQl =271 HAEE & 4= U
21}, NC A2 A|ZoA= Azl W& W37t BEEA] ¢
9kT, 809 FCA Wale] 2] ARolH el Zo| 23
whe PR, oliT BALS A ShelE Hie} 2o
o5 WAl N BHE Suee LU A% 22 A%
7 ¥ Yelojz} A,

NEe) 4T F doluis 2X7ke] AR ol <3t 27
Aste BRI o] Bafo] gt o= delA lrkVan Dik
£ 2002). 4] 7FE] 9lo1H 2 A= pectinmethyl
esterase(PME) system¥} T E| o] ¢l O, o] system®] &4
ol FFE F= 2002 = 25, pH, 18|1 99 H7t
o= = T Utk T, 2 A-A Y texture A=
PME systemo]] 2]t @aFS -2 2 0= ALR ¥ THTijskens 5
1997; Van Dijk 5 2002).

4. AEIR|2| HHAO]| [F2 ZHXI2| Ascorbic Acid BH2F Bi5}
Ascorbic acid= #A}e] 8 FFAHE F shto|d, ol
o] wtyjo]] A F A% 7k shbrt EA ] Fgolth
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Fig. 3. Texture profile analysis of potato with different steam treatments at temperatures of 60 C(open symbols) and 80C
(closed symbols). O, @, Natural convection, A, A, Forced convection-boiler; [], Ill, Forced convection-fan method. Data

are represented as the mean and S.D. values.
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Fig. 4. Changes in ascorbic acid contents of potato with different steam treatments at temperatures of 60 C(A), 70 C(B),
and 80°C(C). O, Natural convection; A, Forced convection-boiler; [], Forced convection-fan method. Data are represented

as the mean and S.D. values.
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H A2Aq dAEE
acid 3HF W3HE HESItH(Fig 4), 2+
FL2 23.92 mg%R Al EAEI(

& 7
ol

Z}9] ascorbic
A7Re]

FEXETH

o

Jo



Vol. 25, No. 1(2012)

oFo R Aol Yo, AR He2rol A5at
AAIZE F7te) webA dEEO| Hadte B UE
Ak 60T Ao M= Hegalo] e F3RF F-94 2}
o|7} WEF A ko, 70T 80 CE A=} T
o w2} NC %2 o2 A2|% 7R} ascorbic acid 1] H=7}
Ao 2 Zo0]Eo], 80T 608 A a]ae] 79 NC2] ascorbic
acid FEE0] 44.1%¢1 ¥hE, FC-beo} FC-f= ZH2} 35.2%9}
272%2 NC A= g 9% 17%2] zjo]& Koz
A NC "F2] 9] 9423} ascorbic acid HE G35 &0lg 4=
pilein

o] 2|3t ascorbic acid®] &4 159 FH 7| A S A
e = Atk Ascorbic acid®] vt = o] 59 AbSlo] Badt
0,9 24 9 AIZ W ascorbic acid oxidase(AAO)2}o] H&S
23] dxpz o2 drAstA| ElthRoy 5 2009). 45~50C A%
o 2k AsollA AlRtE= AlZHY] = 25 AAOE =
ZA1Z] 22X ascorbic acidE AFSIA]7]7] wj&of At I}
o zZA9] B3] A% 7} ascorbic acid AF3}e] F QA=
Zo| 4#A ¢ltKSelman & Rolfe 1982). o]= QA ZHR}<
texture parameter 5 %2 9| hardness 3} e} FARE 23t
2, NC wha]e] ofgh 72} 22 9] ohy] J=r} oh2 gl o
H3f| A o2 wepen, o]t A7} ascorbic acid ] X
E&of| ¥FE A Aoz wddr

Q0 o =

B AT A2 0le 940 1w ARET s
A& A€ (soft steam) GZ] 2] T 2] natural convection(NC)
A3} forced convection-boiler(FC-b) & forced convection-fan
(FC-) A2 0] 83to] o] 59 Az wet AR 4
S40] o)Al Qe HE BAASTA itk AR A
o thgt NC, FCb, FCA 48] Ag A 2= a4 249 o
Als Be MEe) o SEgon A kel Eaa
Aol mol7] ghgron], SR el A9 ANk blanching
A 5o EAgo| vlsto] & EAHo] 22 gk, 3
NC We g Aed AzoA o7 &4do] 73 A A oz
E Qo TR, NC A2 ZAke] ARbA 4l texture H 3o 7
9] e FA oL FF o= FAATIH, BE Az
4] THe: AL walo] Blste] AThEoR S ascorbic
acid AESS Uehgith £ 972 Fo gae) 7kg 2
AA o ol 71E¢] blanchingS Z3HeE A3 2] Wil of
ctomn Aesy dAze] $e4e Selg 4 Agen,
T NC 4] 2EAe A4 A TFeAE s
o3| Bt theksl AlELo R o] Ae AP HE AT E
A2y 240 ATHoloF T Aoz AR

At tigt Ae2d A2 avt 35

ZHAle =

B AT BUSAHIER 20109 TEMI B HE
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