@ CrossMark
Korean | Food Cook Sci

pISSN 2287-1780
Vol. 32, No. 3, pp. 270~278 (2016) SISSN 20871779

htto./ax.doi.org/10,.9724/kfcs, 2016.52.8 270

Z2] o] 4842 viErl 9 77|14 o] v A= I
'}‘]%ila OJ:HH‘?:" %q%, %E"% %}“:LQ_E -

BA - 235 Srkol

SAWR A G, s U s A EFHAF

Effects of Cooking Method on the Vitamin and Mineral Contents
in Frequently Used Vegetables

Hae Kyung Chung - Kyung-soo Yoon - Nariyah Woo''

Department of Food and Nutrition, Hoseo University, Asan 31499, Korea
' Department of Food Science and Technology, Hoseo University, Asan 31499, Korea

Abstract

Purpose: We have investigated for the purpose of studying change of vitamins and minerals in frequently used vegetables by low
moisture cooking method. Methods: Vitamin B complex, vitamin C and mineral (Mg, Ca, K, Zn, Fe) contents are analyzed in vegetables
such as spinach, cabbage, bean sprouts and carrot which are heat-treated with degrees of water contents. Low moisture cooking method
represents heat-treated vegetable (LM experiment group) with 25 wt.% water content for the vegetable weight while general blanching
method includes heat-treated vegetable (GB experiment group) with 500-1,000 wt.% water content for the vegetable weight. Results:
Retention rate of vitamin B1 (thiamin) in the LM experiment group is relatively high (87.50-95.68%) and dosen’t show considerable
differences from raw vegetables. On the other hand, the retention rate of vitamin B; in GB group’s cabbage and spinach dramatically
decreased to 19.46-25.00%. Retention rate of vitamin B2 (riboflavin) is sustained stably in LM experiment group (75.00-87.50% in
bean sprouts, cabbage and spinach), represents that low moisture cooking method has relatively higher contents in vitamin B,. The LM
experiment group has 71.43-85.71% on retention rate of niacin while the GB group shows relatively lower niacin (57.14-64.58%),
represents conflicting results from the general idea that vitamin Bj is relatively stable in heat treatment and blanching. Retention rate of
pantothenic acid is considerably higher in both LM and GB experiment group, indicates vitamin pantothenic acid is relatively stable in
the various cooking condition such as amount of water and heat treatment. In the experiment under various water contents, vitamin C is
not detected in both bean sprouts and carrots, while the contents in cabbage and spinach are 19.87 mg/100 g and 26.65 mg/100 g
respectively. In the same experiment, the retention rate of Vitamin C in LM experiment group (91.65%, 92.23%) is considerably higher
than GB group (58.08%, 61.61%). Retention rate of Mg, K, Fe in the LM experiment group is relatively higher than GB group.
Conclusion: Resultingly, the observations suggests that minimum water quantity and minimum heat treatment processes should be
established in cooking vegetables which have soluble vitamins and minerals.
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2015), 712 (Mg, Ca, K, Zn, Fe)& ICP-OES®(Ministry
of Food and Drug Safety 2015)°l 2Jste] Z}7zte]l =&
Z-g-8te] RA3}9tH(Table 1, Table 2, Table 3).

4, SH X2
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53 U974 (Duncan’s multiple range test)S A A
st ZF A8k BAA feldS ASsHTh

Table 1, LC-MS/MS conditions for vitamin B complex

HPLC Agilent 1200 Series (USA),
MS AB Sciex API 4000 (USA)

Column & temperature US-C18 (2.0x150 mmx5 um), 35°C

Instrument

Flow rate 0.3 mL/min
e AGmM B (5 m
(min) Ammonium Ammonium
formate/DW) formate/MeOH)
Mobile phase 0.0 90 10
8.0 55 45
8.1 90 10
15.0 90 10
Injection volume 5 uL
Curtain gas (CUR) 20
Temperature (TEM) 450°C
lonspray voltage (IS) 5,500 V
Parameter Nebulizer gas (GAS1) 50

Heater gas (GAS2) 50
Collision gas (CAD) 5
Declustering potential (DP) 66 V

Table 2, HPLC conditions for vitamin C

Instrument HPLC Agilent 1200 (USA)

Peakman sp. AQ-C18
(4.6x250 mm, 5 pm), 25°C

Agilent 1200 DAD, 254 nm,

Column & temperature

Detector spectrum (190-400 nm)
Runtime 10 min
Flow rate 0.9 mL/min
Mobile phase 0.05M KH,POs:Acetonitrile (990:10)
Injection volume 10 uL
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Table 3. ICP-OES conditions for minerals

Instrument ICP-OES Perkinelmer Optima8300 (USA)
Column Nover Pak Silica, 3.9x150 mm
Nebulizer gas flow 0.55
Auxiliary gas flow 0.2
Plasma gas flow 8.0
ICP RF power 1450
View dist 15.0
Pump parameters 1.50
Zn 206.200
Fe 238.204
Ca 317.933
Wavelength Cu 327393
Na 589.592
Mg 285.213
K 766.490
Mn 257.610
M, Zo 2 oE
1. X2 x=e2(et et x2[-oj| olst HIEHD! BZ &
EF HI_I
1) M2 x2(et gt Z=a|Hol| oI5t HIEFR! By(thiamin)
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Table 4, Comparison of vitamin B complex by two different blanching conditions (mg/100 g)
Vitamin B Cooking method Spinach Cabbage Bean sprouts Carrot
complex
Raw samole 0.185+0.005" 0.008+0.002" 0.14+0.03" 0.09+0.008"
p (100)” (100) (100) (100)
Vitamin B, ™ 0.177+0.007* 0.007+0.001° 0.08+£0.01° 0.08+0.002°
(thiamin) (95.68) (87.50) (57.14) (88.89)
GB 0.036+0.002" 0.002:£0.000° 0.0240.00° 0.060.003°
(19.46) (25.00) (14.29) (66.67)
Raw samole 0.048+0.001° 0.008+0.002° 0.04+0.01° 0.0068+0.0013"
p (100) (100) (100) (100)
Vitamin B, M 0.037+0.005™ 0.007+0.001° 0.03£0.01° 0.0016£0.0009"
(riboflavin) (77.08) (87.50) (75.00) (23.53)
GB 0.031=0.004° 0.002+0.000" 0.0120.00" 0.0014+0.0005"
(64.58) (25.00) (25.00) (20.59)
Raw samole 0.048+0.001° 0.018+0.012° 0.07+0.01° 0.007+0.00°*
p (100) (100) (100) (100)
Vitamin Bs M 0.037+0.005™ 0.000+0.00" 0.06+0.01° 0.005+0.00"
(niacin) (77.08) (0.00) (85.71) (71.43)
GB 0.031+0.004° 0.004+0.003° 0.04+0.01° 0.004+0.00°
(64.58) (2.22) (57.14) (57.14)
Raw samole 0.03040.002° 0.057+0.001° 0.27+0.01° 0.27+£0.018"
P (100) (100) (100) (100)
Vitamin Bs M 0.027+0.003° 0.051£0.003" 0.26£0.02° 0.23+0.015°
(pantothenic acid) (90.00) (89.47) (96.30) (85.19)
GB 0.0260.001° 0.050+0.003" 0.10£0.02" 0.23+0.015°
(86.67) (87.72) (37.04) (66.67)

YLM: low moisture cooking with additional water (25% of vegetable weight); GB: general blanching with additional water (500-

1,000% of vegetable weight).

2)( ): Retention rate (%) of vitamin B complex.

“* Different letters in the same column are significantly different at p<0.05 according to Duncan’s multiple range test.

Table 5. Comparison of vitamin C by two different blanching

conditions (mg/100 g)
Cooking Spinach Cabbage Bean Carrot
method sprouts

Raw samble 26.65£0.62°  19.87+0.30" 0 0
P (100)” (100) (100) (100)

" 24.58+0.45" 18.21+0.22° 0 0
(92.23) (91.65) 0) 0)

GB 16.42+0.57°  11.54+0.00° 0 0
(61.61) (58.08) 0) (0)

YLM: low moisture cooking with additional water (25% of vege-
table weight); GB: general blanching with additional water

(500-1000% of vegetable weight).
? ( ): Retention rate (%) of vitamin C.

“* Different letters in the same column are significantly different
at p<0.05 according to Duncan’s multiple range test.
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Table 6, Comparison of minerals (Mg, Ca, K, Zn, Fe) by two different blanching conditions (mg/100 g)

Minerals Cooking method Spinach Cabbage Bean sprouts Carrot

Raw sample 110‘18ilg.923 17.35+0.86" 25.00+1.1° 13.490.54°
(100) (100) (100) (100)

Mg M 86.72+6.08" 15.89+0.79" 22.40+1.40° 13.21+0.01°
(87.71) (91.59) (89.60) (97.92)

GB 71.62+3.48° 13.66+0.48° 18.60+1.90° 9.73+0.03"
(65.00) (78.73) (74.40) (72.13)

Raw sample 65.79+0.57" 47.9642.16° 31.00+0.20° 28.01+1.79"
(100) (100) (100) (100)

Ca M 62.56£1.21° 45.8340.59™ 29.6042.10 25.06x1.76"
(95.09) (95.56) (95.48) (89.47)

GB 49.67+0.39° 44.2742.29° 28.80+1.30° 25.82+1.45"
(75.50) (92.31) (92.90) (92.18)

Raw sample 1151.25+72.14* 277.85+7.76° 173.63+1.10° 138.05+4.84"
(100) (100) (100) (100)

K M 947.48+53.72° 227.58+10.38" 136.35+3.85" 84.54+7.64°
(82.30) (81.91) (78.53) (61.24)

GB 738.58+49.86° 185.63+9.60° 50.28+4.27° 58.56+5.57°
(64.15) (66.81) (28.96) (42.42)

Raw sample 1.49+0.01° 0.57+0.015" 0.338+0.018° 0.0750.007°
(100) (100) (100) (100)

- M 1.16+0.01° 0.51£0.018° 0.308+0.033" 0.072:0.005"
(77.85) (89.47) 91.12) (96.00)

GB 1.14+0.00° 0.40+0.017° 0.225+0.035° 0.031£0.004°
(76.51) (70.18) (66.57) (41.33)

Raw sample 1.50+0.11° 0.50+0.042" 0.67+0.01° 0.210£0.042°
(100) (100) (100) (100)

Fe M 1.28+0.03° 0.47+0.045" 0.62+0.06" 0.17+0.00°"
(85.33) (94.00) (92.54) (80.95)

GB 1.17£0.04° 0.39+0.061° 0.52+0.02° 0.17+0.049"
(78.00) (78.00) (77.61) (80.95)

YLM: low moisture cooking with additional water (25% of vegetable weight); GB: general blanching with additional water

(500-1000% of vegetable weight).
? ( ): Retention rate (%) of minerals (Mg, Ca, K, Zn, Fe).

“* Different letters in the same column are significantly different at p<0.05 according to Duncan’s multiple range test.

Ay, gz HAZA FHlFE 40.05% IFEES
Uehdl dxte}l nlwd uw B oM 4R Iy
o] Az WHET ¢ =& vE ¢ FEES §A
3= Aoz BAEQT

AlFA] ABAAE LM AT 92.23%2] wl$- =&
ZkZz o] =A% Aol nidl, GB ATTL 61.61%= Bl
HAoh A AR 227t gukze]el vls) vliEk C
FELS Zol= W or I 4 AUt =3
AFAE Ay W o8l Mg A, 50.09%]
E&o] ByH Z(Kim IN 5 2009)3 Hlus] & o, A
FAE AR Wl HIE ¢ FEES FXEF 9

http://www.ekfcs.org

At

T B A ASE FUET g AlE HER]
Ct AEFA &3t} Rural Development Administration
(2016)°l 2l5h4d, FUEL 5.0 mg/100 g, B9 HS=
8.0 mg/100 golH, "Xl & FU=2 0.0 mg/100 g, T
2 7.0 mg/100 gol2} Bt o} T3 B oA
FUES F9 HIEN C 7o) AEHA &2 o=
AHA| o] wil-¢- A AL, AR/ HIE C= Y 5 4
A7 7P 491 SH BEAETE 52 sjhEolY)
o2 AFHHKim YJ & Kim HW 2003). =3+ Kim
TS 5(2007)2] Aol ofstd, ®IErNl C T2 Anpy
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W, A7) Sl mel gt gt & Ade) 2
NARZ AHEE daliFet AlsAe] HE C gl
19.87 mg/100 g, 26.65 mg/100 g2 = Rural Development
Administration(2016) 5ol R1¥ AR} U 25
Atk F, BIER C FFS FF, A7), A S A
Hig 7 B4R Zpolol] whEt 2 zpol7t e A
= ddEw &5 1 g Apolv) Al 33 E4H
o ZARIA A3ty Q& Hoh ARH o R YRS
AAE Fert ool AeET.

wets 2 APAdel o8] AMaFE =l FolAu,
A= W EGE A Ag7F HIERD C Aol v¢-
2R o= It EE 7] (steaming)
WHED AaFel xd The Alddle Ha9 Tk
dAE TS FHste] A8 dart Utk

(=13

3. XMaE zz2ler ¢db xz2|Hol| 9 S

H| =

FTUE, 3, HFE AEAE ATE ZEHHOLM)A
dvt ZH(GB)L.E st ZhZy 71 AH2d & 7712
(Mg, Ca, K, Zn, Fe) 37 288 vludt A, A<
zgo] 77148 k&S] =4 A =HAUTKTable 6).

AzAfae] miadlsEe] S LM AgTe] 87.71-
97.92%% E2 FEEES Btk Ahn MS(2000)9] A
of oty FuE, FullF, AFAE 15% 7HrgA s
S madls T oF 30%, 15%, 20%°] EES B
stal Aok Idd 2 Ao A5E zgl g LM A
Aol A9 ml¢ =2 IAEES HA, AFE U F
UEo] vtavleE 3 BEd £2 JMEHYS AN
T Aok AR T2 27 F viavlgs E4Ee
A 229 LM APET2 oF 2.08%= w2 wkd, o
W%l GB Aol 21.27%% 7k AE7E °F 106
ol £AES =/ ke AoE #EHNY ZAFY
v 158 o Ul A& AQstae st
= d7Ege= g2 AEFS IO MS 1996). wet
Al tadlEe] A= AA g lA] i dhagel o
g} ZEE YIS PAE AR AR

Naaae 2 e LM 287 GB Ao
Z8F S48E FHoR FA Hol7k vehtA edsk
H(p<0.05).

ZE 2HEES GB AP T0] 28.96-66.81%21 T HISkA
LM AT 61.24-8230% FHOE =4 FA=HAH
Oh MS(1996)°] ATelA ZFS HX|7|oA 71 Bol
|93, o8 YEE R, A, AAEAA 71HE)
oM vlwd FEgo] HFoha 3 Al B Ag4dx
7F frAabsE AEFS Btk ZEY AR vt Ha
3} sted AAEE & A, EHES Has T 5 IS

o
gol

271
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Zo g ATEoe] ot

TUE, 3, FlF AR ofd I JMrEe] B
S5 FELo] oA ASE BN 53 I
o] Zhdted A 3 A, oY EAE] wig =4
A=A

FU=, @, ST AR HE I &4 A,
T XS HE o] A= =N}
A= Ao Z YEP T (p<0.05). A& gFo] =2 AlFx
o A¢E LM Aol 8533%Y =2 WESS
At} Yoo YJI(1995)9] AFolA BEFE] 9] 74
23 A g A5, HEY FEEO] 50%elstE E
k= Aot v E oo, B A3 A8 A
ZHHe FE T A HEHQ ZEPH o R Ay
ATt

Oh MS(1996)¢} Yoo YJ(1995)2] A+E @3] R,
v dE AL z2HY gt "3y AAEE
= 7Z9ola, ol9} o] IukygoE sigel AT A
ARE| we Fr1d AR AT TR
Ao stk weks Aja AR FH, A= T
zgo) 7FEAIRES H4d & 5 e HFH x4
o] gtglo] Ha ¥ Zloz Azt

B
45
&

w}

ks

o o o r

V. Qo U ZE=

FEA AL T AFA, FF, FUE, B2Y VtaEs
gelste] 7FEA et $ el Be}l vlEM C 3
HEES vaEAth AR ZEHOIM)S FES Als
FTZFol 25%E 7lete] 718 AHElstal, YRrEEH(GB)S
o] g3t AE FH FEE 500-1,000% 7kt 2z}
A AT

Thiamine] FEE&L AFE 2 LM AT
87.50-95.68%= A FAIE AEE A & A
59 o)Al Aol7t flRlth Thrdo] B dnt =1
Hel GB AdTollAe] FullF, AlEX]9] thiamin &
< 19.46-25.00%% 543] A= ATk HIE riboflavin
HEELE FUE, T, AEH A 75.00-87.50%= LM
AH T A PG 20l A Hol AHFR gyt dukx
ol Bl oF 1.14-3.59) o] A A=A

Niacin FFEE&2 A 22 LM A@TolA 71.43-
85.71%= SA =3, Yuk 28l GB Aol 57.14-
64.58%% F43] SolA= S BT B39 W=
XYY B v, Y FAHAA ZA UEA Ze=
g3 427 Ades ti Nk s S B BlE
Yl pantothenic acid®] ZFEES LM APTolA] 85.19-
96.30%= "¢ =4 SAEHALH, GB AFToAME =
2 AEEE FAH, JIEolu @A =l AA
FEFE BA GE Aoz BAHIIL
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El; FS 2Este A vg ¢ g% 1=
H] A3}, FUES g2 vER = HAEHA
o} S} Algx] o] HIER C 3heFol 19.87 mg/100
g, 26.65 mg/100 g0 = S AT LM AP g5
o} AJZA19] HlEM ¢ =SS 7M7) 91.65%, 92.23%<]
o] Blate] YRk 2ol o3 A 2lE GB A2 58.08%,
61.61%Z F4% &4S A& T 5 A

TUE, 3, FlF, AEHE ATE ZEHAM)T
duk ZH(GB)O.E 3t ZH7t 7HE A & Fr1d
(Mg, Ca, K, Zn, Fe) 37 &85 vlwdt 4, A
Zzg o] F71d zEEo] =4 A4 =HATh vlavlEel
StFo LM AETo] 87.71-97.02% 2 & AELS H
At Zs FEH ofde e LM A3 GB A
o gboll F240 Ao|l7F YA gtk AF k&
€8 GB 230l 28.96-66.81%21d HIE] LM AET
o] 9 61.24-8230% FFoZ =A FAFHIULE AlF
Aol AFE FFS LM AFTolA 8533%9] w& &
&S BHYch

f
N
re

]_

El

o
=
ok
TS

32 o
o

AR A5 AABSE LM P F2)HQ ol
7 2 3§

P AR Ueh} A5 2oy e 3
B o Beke .
S AF Ak zeHel BTt B471% 2ol
FEE Qo] ANYE e A7t Bk oUW WL
71 8 G Akl Helstel g HER £
A AR JPPol 2elFE §EHC FUA Tk w
B B AT ALRE Bol Bl HAE
We sl Aadel £E% INYE B A T
ol s A9 fAT W ohel, 84 ME T
AL FAANAE PE
g3 S vz T
A AP AL
chepshl A8 A9 £AYFLE Has st o] 87}
$40 ALHER 1 A} @5 o =

i},

ol
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