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Abstract

Thermally processed vegetables have long been considered to have lower nutritional values compared to fresh produce. This

consideration is based on the fact that ascorbic acid(vitamin C) or other thermolabile compounds may lose their activity due

to oxidation or by consequence of leaching into the water during home cooking or industrial processing, such as by blanching.

In this study, major agricultural products such as carrots, broccoli, and potatoes were exposed to steam treatments of different
types. Then, changes in color and levels of ascorbic acid, carotene, and moisture in the fresh and steam processed vegetable
samples were measured and evaluated. The results clearly showed that steam-processing using a natural convection type method

was superior to the other treatments in terms of quality, including color and nutrient retention, among all the vegetables tested.
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A AAFSR QA Sl= AW L9 100 9F =
7hed T 9 faFo) EFE HFH = e st /A
£ AR Bt JleH, olE AaFo SR AFvtemE I
Aoz wid 2705 HO] AFE AEE 7 = Aok 9
Z53 QTHWHO 2002). a7 437 o5 A8
oA A% HEF, 2193 oY FRY ¢ HAe Az W
ofR|H, o|3t AaFo] AH oY avt= gl C, HE
E, carotenoids, flavonoids, ~12] 3! phenolic compounds?} 72
TRt kS 7oA 71 0gtkar A ltH(Abushita &
1997, Rice-Evans 5 1997; Steffen 5 2003).

NAaF 71ed| FZ(Daucas carota L. var. sativa Dc)2 1~
2380 ZAQFE TBHE(6.7%), THE(0.9%), 212(0.2%),
AA(11%), TR 90 ~92%) 02 o] Fo|A glom, A
P9 carotenoids A A4F FHBHA| F-8kaL itk ©)E caro-

tenoids Al MA X o2k 60%2] B -carotened}t 30%2] « -carotene

o2 TEo] AL, oF 6 neve] VIEkEl 7 Bo] FHe]
o] QthLee & Kim 2000). 2.2 Z2|(Broccoli, Brassica oleracea
var. italica Plen.)®] 73, B-carotene, H|E}Y B; ¥ B,, H|E}
W C 223 B2 24 5o w)Ho] FReln 84
Ho| e B B T TRk 2ol Mg HG 2001,
ol & A=l 93t EF SH2HE AL d A, 1
21 EdHo] A4 T vt AEEA st BaEojgk
THMatusheski 5 2004; Cho KR 2009). 7+ AW Solanmum tuberosum
L)t E3 18327 o|2jo] Bl ofvlizite] T4
o] £4=5}31, H|EI C, By, Bs, pantothenic acid 5-¢] B}
Bk ohjel, 2 W A 5o BT ARy e
flavones MAE FH3H T3l e AR dHA
(Shin 5 1994; Ahn 5 2004).

dubd o 7 AFAoA = AFe 8 BHEN 7]
ol5te] thoFst 7k @ A 2&AL oA Hid), i
o AAA 7HAE AxRE At 340 ¥4, F4, 7F
, 28], A 5 €48 53 (thermal processing)= 3§t 71X
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51A FHChun JK 2002). A& 8 A2ste] 7}
Foh= TS &3] @AY FA oL 5, of7]of= boiling,
blanching, frying, steam, microwave 7}g, roasting, smoking 5
9 Hio] o] §& Qlr}. Ao gt a7 27 H
78 texture &) A3} UX] b= color®] ¥SHETE off 2},
HEH T} 7718 § % A259 &4 9 38h 2490A
o] 417ke WSFE Ze5}ol(Tijskens 5 1999; Armoqui - 2001),
3] ujekl Co} o] Qo) WAT 484 AF BRES] U
£ o)tk ¢ A ItRao 5 1981; Murcia 5 2000). X
o= o]t HETl C&J =410 ascorbic acidof| 4] dehydroascorbic
acid DHAA)Z®] 4¥818 EHshe shata) wwlol ofa) 3}
Moz whysittn B IrthRoy 5 2000).

7HSAIEY AA T ” Az lo] AF(steam) EA T W
12 FHold @4g 57 vju s & Ag9z Adsf mie ¢
F7HE miA| 2 2R3 Qlot webs] & A g e
, AR} 22 YaRE o= F4eof 23t blanching 1
I} R F WA (natural convection), ZFA|t)& R U7 v
Al(forced convection-boiler method) X Z3A|c)F W 2] (forced
convection-fan method)& ©]-83+ A€ Gxjg] HFlo] o]& )

afol TXE GRS vE BASIA Sk

n

]

ol >
B

~

NERT

1. & =

B Aol A AEEH F(Daucas carota L. var. sativa D)2 A
Fof| A AufjE Aoln, B Z-Z2|(Broceoli, Brassica oleracea var.
italica Plen.)= &9 2| A, 18] 32 7AW Solamum tuberosum
Lyt 24 92 Qe AuE Ao 2, 242 a7 A,
Al 7] 7to] vlstar FHo] £ AL FUste] YHAEC)
HystH A Ao AMSHATh o] Al RS2 4 £ 23
cn®] A2 Asto] blanching @ A% FA 2o AHESHE
o, 32]d AlZS2 polyethylene bagoll ol 15U7 Y&+
(4C) Hastia Mo Mt SH =

2 Mg &%

Y4 A7 o] M =48 Spectrocolorimeter(Color Quest XE,
Hunter Association Laboratory, Reston, VA, USA)E ©]|-83}¢
L*(lightness), a*(redness) & b*(yellowness) 4= SA3149 L
o, ojuff ARGH FF W] L* 32 97.71, a* k2 —0.07,
223 b* gh2 —0.180] %t} ZF Al RS AP F A4
3087 WA ok oF WU 247 33 whE SAste] B4t

7 mEEAE e

3. Ascorbic Acid &2F =3
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H|EFY C(ascorbic acid)y= A Z-ZA o 23 2 4-dinitro-
phenylhydrazine™-& o] §3te] Z3kATh AR 10 goll 5%
(w/v) metaphosphoric acidS 7}5}¢] waring blendor(HGB7WTS3,
Waring Co. Huddinge, USA)Z 13 < nhaj & A&
(3,000xg, 10E)3}o] A5H-S 3513, filter paper(Whatman
No. 2)2 ofF}sto] H]gHYl CE &38| &3] AME-SHSITH
AAAZE oA 2 mlo]] 0.2% 2,4-dichloropenolindophenol &
NS Wy 187 "WHA] &, thiourea-metaphosphoric acid &
2 m¢®} 2.4-diditrophenylhydrazine(DNP) 294 1 mlE A7}sl12
FEEB7EC)oll A 3AIZE ¥EEAIY &, &8 YA
t}. 85% BAE 8 5 mbE 387 AAHF] HrKe F, A2 A
3087 B3R o™, 540 nmof|A E-33=(NanoChem L1800,
Nano-hitec, Seoul, Korea)S A3} ch vlelyl Co] 4L &
HIEHY] CollA| 48ty vlEly] CE W o= dhglom, &4
52 ZF A=Y i z2Tto] 3-E BER Co] ol A
tEshe S M 7o) WESE FASHEL, AH-2 33
Yot Hg #EHAE Fhich
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4. Carotene &H2F EX

GO 22 ¥ Carotene 2] =4S 93| 57119 T2l
A 27} szzhe 22 E9ste] AR s F ARSHE
t}. E5tel 15 g& YAoA 33te] methanol 70 M-S 713t
B, T}A] benzene 50 mE Y31 5EZF mixingdte] Bd4=
250 m7kA] Afic. AR7k Aol B w7kA WA 7, filer
paper(Whatman No. 2)2 oj3}5te] M40 &2 dhE
stgon, B 228 oIS 450 | EFE 274
carotene ¥ FAISITE 2t =24 E 2 33] vhE 47
BT BEHAE S ch
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5. AR @x2| gy

Aol izt 28 A= dukyos de] ARgEL
Q1= 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) ®}
A& ARgSh = - & 2" 2E F 7FA|€} Natural convection
HlA19] ZEX|(NC; Soft steam oven-laboratory, Tokyo Sokki Kenkyujo
Co. Ltd., Tokyo, Japan)Z o]-&3}o] =335}t G2 H$,
85CoflAl 6087 NCoF FC-f2 A2 5 A28t 2z
A Y 279 blanching 2|3t A|&2&} v A5 B
ZZ9E 100C, 589 AHgzAA NC& FC-bE A|ZS
A2stAaL, Y £ O = boiling AT A&} H|WE}S
o} TR, A= 80°C, 6029 A2 o4 NC, FC-b, 18]
AFCF Ao R Rg Ad A2siel Ztzte] WaE va
St



466 23]

2t 3 nF
1. AR A2| 2o mE =229 SE §4
Natural convection(NC) "] 3} forced convection-fan(FC-f)
Aol 2 AYE 743 B2 A= ¥ILE wjwsiglt
(Table 1). NC W23t FC W49 A9 A2 §F, P29 L*,
a*, b* gk A2 ohA] o2 o] H|ste] Hadhs A
Helok Mot aghe) wet ¢ 29 AHE 7l g2
< Hoh Jst A e mglen, ol 2" A= ¢
g 32 aa EGASE T2 AFY Mo 33
2l FFE Erhe T2} dAsh= Aol AUkSims F
1993; Bao & Chang 1994). &Lk, NC HFAIT} FC-f HFA o]
g P o] Folr A TR Yich
28 A 2] 9o w2 F19] ascorbic acid 2 carotene 2]
stk Wl ks 9k 2] 9] ascorbic acid 3+
FE 594 mg/100 go] o, o= L& AFAHEEAEY 40
mg100 g, S AZEAE 7.0 mg/100 g, 1231 3=+ A1 EA]
2312 8 mg/100 g} AR ==0] itk Fig. 104} o],
28 A3t 29 ascorbic acid T2 NC2F FC-f ¥4 9]
A2l A&mo|A 22t 3.381} 2.15 mg/100 g & 2 ¥HEHE Gl om,
NC H2(EAE 43.19%) 9] Z2]of| v]s] FCL WA (EAE 63.8%)
of 2% Ag) AzolA] T} 2 jehtle] 4t SRIF
E3F 2204 85mg 60=7F BA 2|t T2 ascorbic acid
HeFo] 0.61 mg/100 g(==AE 89.7%, data not shown) FH2HE|of
NC ®2)9] &8 #2)7} ascorbic acid @l A= Gl
AHoR 0 Wrk AL shelg 4 Ak olefat vl
I C9] £41-2 ascorbic acidof| 4] dehydroascorbic acid= 2] Ak
52 TS BaHA shjo] o) WO WS
(Roy 5 2009), Danowska-Oziewicz 5{(2007)= steam-convection
oveng °]-83t L& 105T, 70% 2HESIE, 2087 A
23t -5 e C o] 238 mg/100 go.2 ATt
oF 38% gt A3s Bk vt glch

Table 1. Color values of camrots with different steam
treatments

Color
Treatments
L* a* b*
Raw" 49.62+40207  34.50+0.17 21.2240.15
NC? 43.45+0.13 30.14+0.25 18.83+0.13
FC-f 43.72+0.16 30.44+0.14 18.96+0.21

) Raw: raw carrots without treatment,
? NC: Natural convection(85°C, 60 min),
3 FC-f Forced convection-fan method(85°C, 60 min),

Y Data were represented as the mean+S.D. values(n=3).

- g4 e REEDEE R

D Ascorbic acid / O Lossratio
[ Carotene / A Loss ratio

Lossratio (%)

Ascorbic acid & Carotene
(mg/100 g material)

Raw NC FC-f

Treatments
Fig. 1. Effects of different steam treatments on the content
and loss ratio of ascorbic acid and carotene in carrots. Raw,

raw carrots without treatment; NC, Natural convection(85C,
60 min); FC-f: Forced convection-fan method(85°C, 60 min).
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Fig. 2. Changes in color(Hunter L*, a*, and b*) of carrots
with different steam treatments during storage at 4TC. A,

raw carrots without treatment; O, Natural convection(85TC,
60 min); []: Forced convection-fan method(85C, 60 min).
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Sro] o NC 8 FCf #4]0) A9 @Aels Fig 1614
A E HEe} o], carotened] S thEH2.24 mg/100 g)]]
H|3 Z}7h 244 © 305 mg/l00 g & F 899} 36.2% Z7}A]7
Loz pAEeh thoyet G e Wl et AR A
o Al= carotene FY EAHS 7HAE = AR AT
L carotene @] 3}8HE extract ability S SV 7| B2 AEO
2 A7 Z2loke 9ol 282 wlehel A 84S Z7}
Al7l= Ao 2 Atz Et) Khachik & Beecher(1987)= ulo]=
2 284 5~6i& dAT G A APshA g2 o
2720 ¥8) @, f-carotenes] FEFO] Zk2t 40% ol Z718
Aoty R ustR o™, Sims $(1993)%= pH 5.02] AFA-gH o]
A 93T H27) 3 F2AA FARE ATFE B0t ik
o2 e AF A2E A el A% F A= wsl
£ AESHATHFg. 2). ol AEEY A% 5 A9 Wil
g ZolE et A ke, A Al gE2 Bk o
Hoz AR AT MES SAekE AS ST 5 9
slem, NC2} FCf kel $o14 Aol BaHE2] sk

2. AE AM2| galg o2 22E2|e EF 54N

o2 BHAo] A8 A& 7HX BEEE Y] Mx ¥k} o
Z7F] v W E B AEEE B2F2]9 green color= &
A A= §A717H 2R3 = Wl 583 2. 2(Shewfelt
5 1984)0|0, o]} A5 A] Klein BP(1992)+= blanching #|
2] A A9| QHYSr} 7ssth, A2 24 o3 BEFe Y
o] wztslA RE{IThal H gt vf itk Natural convection
(NC) 23} forced convection-boiler(FC-b) ¥4 o] A€ ] Z]
7h B2FE 9| L* a*, b* gho]l m|zl g vlwgh A}, 2
29 I* g2 7t A BEFFA 7MY 2wl #
ZHE| 1L, NCoF FC-b A 2| 7ho] 2tol= A9 &1e 4= 3L
o} a* gk t279F NC A2 g H2Fof|A A9 H|:st
FaL FCb BHA9] A8 A E 71 B2F oA 7P W3k
ok b* 32 29 YA BE A RoA HaTt ERIFIS

Table 2. Color values of broccoli with different steam
treatments

Color
Treatments
L* a* b*
Raw" 4427+2.09" —9.88+0.14 16.77+0.24
NC? 32.26+0.21 —9.04+1.07 13.14+0.72
FC-b” 33.87+0.12 —7.80+0.18 13.63+2.08

Y Raw: raw broccoli without treatment,
? NC: Natural convection(100°C, 5 min),
) FC-b: Forced convection-boiler method(1007C, 5 min),

Y Data were represented as the mean+S.D. values(n=3).
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t, NCe} FC-b A2 AlR3bo] 013 oliz Tatelx) bt
THTable 2).

NC 9 FC-b ¥419] 29 A9 F= 55 o83 €47
HFA](boiling) o] w2 B2 -Z2] 9] ascorbic acid = H37} H]
o FriEQch gixatel B 2=28]9] ascorbic acid TEFE
10131 mg/100 g2 YE AZHB BN F 9] 120 mg/100 g Y
A5 BRI 98 /100 gt V] B ) FARE SZ0]
Atk EA 7 Wao] mE B 2Fa] 9] ascorbic acid IEE&S
NC, FC-b, 71831 boiling®] =A o1, ©]E& 2] ascorbic acid
o 7+7F 70.35, 65.83, 12]3L 39.79 mg/100 g & 2 EQlE]
AUchFig. 3). o5 A2 WA]of W& E2F 9 ascorbic acid
EAHEE NC A A=A 30%= 7 RFekon, FC-bofA
& 36%S HYo=A &Y Ao oegt vjE BE a3
£ QI3 4= 99t} HHA, boiling H2] A= Y AR
ZA(100C, 5E)o) A oF 60%2] 713 =& ascorbic acid 45
o] F&E Ut} Lisiewska & Kmiecik(1996)2 B2 FE 96~
98 Col| A 327} blanching ] 2]A] BE}T C7} oF 40% ZHAE
ot 2 uakg o, Howard S(1999) 902 °CollA] 11027F
blanching ¥ 30%2] B]E}Yl C7} &A= Tk B gk vf 9lck
wzbA, Fig. 39] 2152 B2 Fajo] dig &9 A7 ¥4
o] 7]12&9] boiling 4]0 H|8]| Et} 243} ascorbic acid?] X
EaHRE 7T AASkaL ok

tE wae] 28 Hels b HIee) 4% F A%
A7t AEEUchFig 4). GFYT A3 B2 3o A
ToMe 7Y TS ¢ ogd B To= QIFHIF

120 100
? [0 Ascorbic acid
2 i )
s 100 _I_ @ Iossratio 1 %
=
E oy
of 80 [ S
=

460 &
= B £
B 60 g
£ {40 %
= i L o
S 40 /I’/
-]
P)
D e | 4 20
5 20
7]
w
LI I P d
Raw NC FC-b Boiling
Treatments

Fig. 3. Effects of different steam treatments on the content
and loss ratio of ascorbic acid in broccoli. Raw, raw broccoli
without treatment; NC, Natural convection(100°C, 5 min);
FC-b: Forced convection-boiler method(100°C, 5 min); Boiling
(100°C, 5 min).
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Fig. 4. Changes in color(Hunter L*, a*, and b*) of
broccoli with different steam treatments during storage at
4°C. A, raw broccoli without treatment; O, Natural convection
(100°C, 5 min); []: Forced convection-boiler method(100C,
5 min).

T b* gho) s W Moz QIgka* gk Aol TEE
Sic. AHNE o1 g 2ol A% Al L Gto] oF 10~
15 A& sty ot NC 2 FCb APA1=e 39, 52t
29 Az QlaA L* ko] WPt e Aoz Helsgt
Iy A% F BE AP AlmolA o] dAstgow, T
2 Qg a* gto] F7l7 BAFAL So) oleig WAL o
279] b+ gto] AL vAN FUES) ez vehgeh
Brewer 5(1995)-2 microwave, boiling water, steam 5= ©|&
@ negde) AAs} § 2475 A 5 ANH V55
Aol FEFS u]X|H, ascorbic aicd FrEFol = 2 FFS LY
& gt gk

3. AE| X2| WAl IE 2Xle| EX EA
NC, FCb, Z2)3 FCf WH4le] 26 28 71 7Ae]
= Walt AR 1S E5) AEHYTHTable

A=A Fetal

Table 3. Color values of potatoes with different steam
treatments

Color
Treatments
L* a* b*
Raw" 72.32+1.85” 0.06+0.48 22.14+1.18
NC? 69.89+0.96 —2.61+0.51 11.52+0.68
FC-b”  70.32+0.84 —2.98+0.16 11.70+0.55
FC-f¥ 69.23+1.73 —2.78+0.59 12.74+0.57

" Raw: raw potatoes without treatment,

 NC: Natural convection(80C, 60 min),

' FC-b: Forced convection-boiler method(80°C, 60 min),
¥ FC-f: Forced convection-fan method(80°C, 60 min),

* Data were represented as the mean+S.D. values(n=3).

3). A L*, a*, b* Fh2 A2otA] g2 t2tof H|s}e
Fashs A BP0 NC, FC-b, FC-f HH4]of o3t 31
H AAFe] M Zpol= TEER] Aokth AF AR Qg
A o] ZhaE ZEAH €] polyphenol oxidase(PPO)e] 213 &
27 Zrdo] JAE 7] wZolzt AlrEth A E 53t
PPO B4 A3j2HE-2 URbA 02 70~90 Tof| A & 1}2 Q1
AoZ dA JQOom(McEvily 5 1992; Martinez & Whitaker
1995), 289 L 80Cof|A &AL B3} o]FofR]=
Aoz It

NC, FC-b, 22|31 FCf Hr2le] A8 Ha2 713 7zt
ascorbic acid F5F I =8 F5Fo] vl HrIEQIch th2+<2d
AZFALO] 4t ascorbic acid TS 23.92 mg/100 gO =2 3h=+
AEA R EA42]Q1 24 mg/100 gt ALY FARRE =0l
ok 29 A 3o w2 7R} ascorbic acid XHEE-2 NC,
FC-b, FCf9] &A% 2on, 0]52] ascorbic acid &=L zHz}t
10.55, 8.43, 1] 31 6.49 mg/100 go] QthFig. 5). |5 X&) 1
o] W2 A9 ascorbic acid £HES NC A A=A
56%2 71 Yoo w, FC-b U FCAof| A= 22 65%<2} 73%
£ HYOEH NC H4) 9] 31 vighql C K& a3 &
g 5= ATk

Aol AHEE ALY Hit 8 S 81.3%E &9l

fom, = HA o) AF A 2] A|&of|A] blanching 22| &
o] A gjof| vlste] O] £Ao] 3] 2 Ao R T
k. ol2fgt 442 100C o5t A2oA A8 A= 7]
2o 2 HokEm, ] ¥alef uhaha= NC ¥H41(75.0%) 2]
Al &A= g W37t 7P A Q1AL FC A 2]H21(69.5%)
= o] &% AR AR SN & o] ez A U
ERgThFig. 5). o]2jst Zat= PP o g JA4d A" 37
< O|-&3k= NC HH4la g, 7] 7194 W79 3718 1
2 WHAA F7)9 2% AeS o] &= FC-f Ao s
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Hnesl
= 2 | [ Ascorbic acid :
3 —I— O Lossratio 4 100 < . . .
5 A S g Abushita AA, Hebshi EA, Daood HG, Biacs PA. 1997. De-
ol
S 20t ‘% £ termination of antioxidant vitamins in tomatoes. Food Chem
a 1% & 60:207-212
)
S 15k - ‘é‘ Ahn BY, Kim DH, Choi DS. 2004. The effects of freeze-dried
ED °§ potato flour addition on the fermentation characteristics of
E 10 1 40 § yogurt. Korean J Food & Nutr 17:374-381
§ ° Arroqui C, Rumsey TR, Lopez A, Virseda P. 2001. Effect of
% 5 F d 20 E different soluble solids in the water on the ascorbic acid
§ ]/ § losses during water blanching of potato tissue. J Food Eng
< o Ligl . - - g 47:123-126
Raw NC FC-b FC-f Bao B, Chang KC. 1994. Carrot pulo. Chemical composition,
color and water-holding capacity as affected by blanching.
1 d holdi i ffected by blanchi
Treatments

Fig. 5. Effects of different steam treatments on the content
and loss ratio of ascorbic acid and moisture in potatoes.
Raw, raw potatoes without treatment; NC, Natural convection
(80C, 60 min); FC-b: Forced convection-boiler method (80C,
60 min); FC-f: Forced convection-fan method (80°C, 60 min).
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ThFet Ao A8 A2 E T EE HEEY, AR T
Hamel 2 B4o] 7|29 AAe $AT} vl B= Y
oh 29 XS R g2e a9 e faTel v B
oF WSk AB AL wglon], NC HAEAE 43.1%)2)
2" A 27} ascorbic acid ol W)X FFo| FCAEAE
63.8%) 2 boiling(£AE 89.7%) WAle] A=z u|s] Ah
Aoz e Hrh= AL AT 4= JUSUth B2l gt
NCY FC-b B2 o] A8 gt Mz H3lo] $07 zjo|=
UERJ R &= koL, ascorbic acid gago] tigt NC A 2] 1
AL FCH(EAE 36%) 2 boﬂmg(—"\—’&n]g 60%) =8| A=
Hla) oF 30%2) Tl¢ e £AES Venhich o] dhat
NC, FCb, FOA 419) 28 Helt G4 2o 94 5
M=o AAE FEPon, 55| NC ¥ A& &8
ascorbic acid W 4=E9] ke 717 44.0% W 75.0%S B
oHE WAl @X o] Hla) &e BEES ekt o4
o] A2 AHafFe AAE B 7l o] &" A
Hajo] 7129 FA 2 Wo vl Hoh o3 F Exgg
leAI%l—é_—# glom, B3] NC ¥4 A8 H2lo] =2 7
ol digt 7Fsde AAISHL -
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