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Effects of different cooking methods on ascorbic acid, vitamin K;
and carotenoid in spinach and Chinese kale

LAN Xiaofang, WANG Lu, FAN Zhihong"

(College of Food Science and Nutritional Engineering, China Agricultural University, Beijing 100083, China)

Abstract The effects of steaming and blanching on retention of several nutrient components in spinach and Chinese kale
were investigated. Ascorbic acid, vitamin K; , as well as three carotenoids including lutein, 3-carotene and o-carotene
contents in samples subjected to steaming and blanching treatment of a series of duration were determined. While only
less than 10 percent decrease of both vitamin K; and lutein was observed in two treatments. The retention of ascorbic
acid dramatically dropped after blanching, which were 41. 6% in spinach and 61. 7% in kale. Steaming treatment
displayed advantages over blanching treatment in terms of all three nutrients. Both water-soluble and fat-soluble

nutrients were well preserved with short-time steaming treatment, which was recommended as a low-fat preparation
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procedure for green leafy vegetables.
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1.1 AR 5

Y8 B B} 3 3 (Spinacia oleracea L. ) fhFfily
I3 Fifr, 7%+ ¥ (Brassica alboglabra Bailey) (i Fit Ry
iR R R Tt st & RN Y. it
SBC et Ao G IR/ L R OAH [R) 1 i S R A T
VI FE S Ak R AN i e DL A B A AR
B R PR TT AR R R —EL

I 4 A R K (LB > 9800) L 1 b
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KT L EE D el bk T HEE L IEC
VSTRNAY [ L i 2 s |1 70 Y
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HLRE Y EH202B, 26 /9 23 A s M3 2% 4% HD9120,
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ML RF BS223S O BE = 0. 001 @), JE U 38 £
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DIRZEFZ . HRPIE 5~6 cm /NE RS
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BT . BRI 50 g ZE AR . )

HLZER KA nsk 1.1 L, = Ak i 2e 8 8 28055 il
LIRS IR, AR N 3. 0.4, 5.6. 0,
7.5 min, JRZERLE PG IO AR E TG Tk
LA R B R, BB S AR S, BT
—40 C f{fF 24 h 5, B T ESRE T 48 h
S GRS B R % B T — 20 °C kA R
FERE

2) K B BE S I W T B 5 A A X
Pr. E8 T A 500 mL W K. T FF B G H T
240 “C I BERY 2K BRI BB . B 50 g #E AL TBCT 4R
W R KRB W S T AR TR . SR K AR )R
0.5.1.0.2.0.,3. 0 min; FF i KB K. 1. 0.2. 0,
3.0.4.0 min, ZKKES5 5, AR A S 22 4b
PR A PR 78 A R T8

R B ) 24 3 3 R P A 6 v Y 4 g
SE CRUYE A B0 A AR5 T ) J2 11 JgR] 42 52 B 450
RN ST S
1.3.2 WmEHk

D4 R COR JFEAD 1l 2 J5 3%

%% GB/T 61951986 (/K BB K 4 E % C
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S T SRR S R A
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SEAR WO AR S €% b B 5 AR dfE AR T

HPLC & s A1 IRt VHEED = VE
Ok =98+ 2; . 1 mL/min; #ERERE. 10 L 48
AP I 5 K 3 K 5 248 nm,

P 2 HERH AR UL 50. 0 mg 4E4E R K, 4l i
FRE AR, FHIEC BRI 4% 50 mL, [
JHIE C Befi B 50 1545 20 pg/mL M 4EA R K, #rife
W . 4> BIHL 0. 05, 1. 00, 2. 00, 4. 00, 6. 00,
8.00,10. 00 mL, LA 53 s 2} Fc A 2 ORI (8
AL REAL I R A B A 1.0 mL, BVAR E T4 i £&
e iR K S s T 5.0,10.0,20. 0,
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40.0,60.0,80.0,100. 0 pg/mL, FHLIE,iC 0%
AL, DA 2 K, & R B A b, 06 T B Ok L Ak
P s o il 2k
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Z M8 Gutautis LM . FREL 0. 2 g BT FE M
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Vitamin C retention
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E

S-4.5 5-6.0 S-7.5 B-0.5 B-1.0 B-2.0 B-3.0
SR Cooking method
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AU a9 A 5 mL ARdER . EHLIE .
eI
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KBAE 2 MR AL R L T R 4R AR R C R AT R
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100.0} pe b
20.0 . ]
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ek ZCLRAFZRI%
Vitamin C retention

2001 f

0.0 i HH  HH B HH BH H HH
F  S-3.0 S-4.5 S-6.0 S-7.5 B-1.0 B-2.0 B-3.0 B-4.0

EPRALFE Cooking method

F RoRAERE S FRiRZE Z A B Fom K e X I AL B, 48 28 )5 £ 4 BRI H] , min,
A /NG S Fe 7R 45 45 ) 22 52K i 2 (P>>0. 05) W RAl R R 2 5 B2 (P<<0.05), FE&FEM.

F,fresh sample;S, steaming; B, boiling; Values behind the short lines are treatment period,min.

Content values followed by the same letters are not significantly different (P>>0. 05) ,and different letters mean significant

different (P<Z0.05). The same below.
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Fig. 1

Effect of cooking methods on vitamin C content in spinach (a) and kale (b)
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1100r a
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e
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()

4 min J54EE R K (RAERRE R 9500, 338K 2. 0~
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50 v R 9 VR 28 K 5 ] 4 R A R DR A . 4
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REPER K., BT IE 9 M e A
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80 %% Horpbt B AR AF 2 o LUK Rl S il AR
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100.0 | g
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Vitamin K| retention
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AL Cooking method
(b)

2 ZRLEXNERX(a)FFE(D)EER K REXNEM

Fig. 2 Effect of cooking methods on vitamin K, content in spinach (a) and kale (b)

2.3 REMKGELENEPE MEHF N

R PRI R A 3 PO N R B R
R PR ERRZ o PR
AR, JF SR,

TRAR K Ak PR L SR 280 % b &K

TR 1. SIS bR 501
TEPERLS . N 32 2 Fh 2 8 B 52 R AR R . IR
7.5 min W, BRSNS T AERE . XS Miglio C
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Table 1 Effect of cooking methods on carotenoids content in spinach
& & Lutein B-#H % [ E B-carotene a Bl NZE a-carotene

3P G

Cooking PRI g PR e PR e
method (ng/100 &) Retention (1n8/100 &) Retention (ng/100 &) Retention

Mass {raction Mass fraction Mass fraction

F 13 057£75 ¢ 100. 0 1620+22 a 100. 0 21+4 a 100. 0
S-3.0 13 317137 ¢ 102.0 1480436 b 91.4 16£2 a 78. 1
S-4.5 12 919+145 ¢ 98.9 1504+42 b 92.8 21+4 a 101.1
S-6.0 1366372 b 104. 6 1496432 b 92.3 2043 a 97.9
S-7.5 13 9184136 a 106. 6 1660430 a 102.5 21£3 a 101.5
B-0.5 13 276121 b 101.7 1672450 a 103. 2 18+t3 a 87.2
B-1.0 13 004£68 ¢ 99. 6 1440451 ¢ 88.9 19+3 a 93.0
B-2.0 13 106 £97 ¢ 100. 4 1495429 b 92.3 21%+4 a 100. 8
B-3.0 13 07681 ¢ 100. 1 1514434 b 93.4 18+4 a 88.4

TE < U RO S i SRR 5T . R R

Note: Mass fraction is calculated based on fresh weight,the same below.
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JoEAE TR €5 355 3 v AR R T O 277 A i B
RE i i B R R S R R A S A BT
PRI AH T RG0S A A
SEUV I SR S S b R ORI e
SRR AT AEG A 00 B D . Kao 55200 5
T A TSR 9- i B AR A AR e K
) P 8 S A A ) R R AR /DN T A i 4% S
R PR 2 25 PRI

R B N FRYUAE 3. 0~6. 0 min fRIF R

Perry

TREE 91.4%6~92. 8%, BRE 7% 7. 5 min WA Ff
LT ESAREAOR WL 22 5. KIS, B
EIE N R JETE 0.5 min B8 BT, Z 5 AR R 7
88.9% ~93. 4% ZE] (P<<0.05), M#EHZHAKLL
B EAL,

TR ZE RN T 3 i i R S W A KL 7.5 min
IS AT 400 28 (3R 2) o 7K 25 1A 19 52 el B I K TR
KM 4 min B MR SR B ERKE 93.1%
(P<20.05) -8 % b ZFEALE 81. 220 (P<C0.05).,

F2 FELBEXNTFTEAERAE NEHEMW

Table 2 Effect of cooking methods on carotenoids content in kale

H# % Lutein B-#H % N &K B-carotene a i NE a-carotene
ESLPGE
Cooking MR ey PR ey PR
method (ne/100 ) Retention (1g/100 © Retention (ng/100 &) Retention

Mass fraction Mass fraction Mass fraction
F 867149 a 100.0 1214£25a 100.0 1944 a 100.0
S-3.0 8 77891 a 101. 2 1157443 a 95.3 18+t3 a 98.9
S-4.5 8 747+£93 a 100. 9 1221426 a 100. 6 17+4 a 88. 6
S-6.0 8 50556 a 98. 1 1244414 a 102.5 17£2 a 93.4
S-7.5 8 44648 b 97.4 1240419 a 102. 2 15+2 a 80. 2
B-1.0 8 369£35b 96.5 1184419 b 97.6 1442 a 77.0
B-2.0 8 30561 b 95.8 1217%26 ab 100. 3 13+2 a 69.0
B-3.0 8 344+30 b 96. 2 1125415 ¢ 92.7 1643 a 84.1
B-4.0 807722 ¢ 93.1 985451 ¢ 81.2 19£2 a 101.7
R I KM 2 1 R B N R AR R 3 & @

ARk T L2 0. AR S MR
BT LA B RLAE IR R R AR L B b
B AU AT B AR AFRAE 8000 L B 5 42 i
T A A B L - S U T
&AL 2 Fig e S BORR B R

WFSEUE S TR B G 0 AN 2 25 1F T, S IR 4
AL RE 2 )5 A M TR S IR B S 2 b
R AEMA AR, Rock 452l ML 4 &
G A= IR G 1 e 5 b SR R R R
AL FLf 2 rp 390 S R & K F BT
BEIK 3 A5 Ae

ARSI RE T 35 5 AT W 28 P2 K Ak AN
[l i )5 4 2R 3% CL 4B AR Ko M3 Al b =i &
o WU R W ST T R R C il
Tt 2 0 BB I G T 2 A KA R /N AR
TKBHEERRZNRAF . FAR K R E T
UF RZE R R R A K R R SRR e,
WRBHE PR oW E PRBHRTREARNE
g B/ R R PR A R A R R TR

BERTT S A EE A IRAR IR 2 Bl 3 b Y
B IR R AT AR DR A ROR - 15 1 1 25 09 7 R ) AR
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R K IR R 7.5 min) . 584 L KAk H 24
S A RE AR B — 2R LA B gEE R CLo>90 %0 Y 4
EREK KEAE NE.

LA o HE 0 S S SR o o RS B TR X R
FARAEA LR P SN O v AR S R e 4 AR R
CHVRRE A K., SZIHn B E &0 Gl
PR R PR A 5 R R A I R 45 I E A
M) % 3% 2 A PR AF 3R, T LR R e, BB S R Ak 1
RS ARG o AR R 37 20 AT UK B v 20, PR ot
R R R ‘BT 42 ) 7 W e %) BSF ) 8, e K e g 3 e 2
1 min, v # 2 min BPAJ

H Al 76 B AR N H 8 IS & 00 R D5 AL g Lk O
it 30%  Hir 2545 50 26 (9 i i B A B R o 4 R (E
RRT A B kD S R AR MEAE T B SRR A
1K 500 g B53%) M 5 T AR IR 0T i A . &t
B SR R 2 5 R B AU R E R R
PRAF R I8 5, i L T A8 A =R S
T 38 A I ROARHE ) 1 £t B 2 3 7 =X
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