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Effects of Microwave Intensity on Carotenoid Bioavailability in Carrot
and Pumpkin during Microwave Vacuum Drying
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LIU Chunju, WANG Xiaoyan, JIANG Ning, FENG Lei

(Institute of Farm Product Processing, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China)

Abstract: In order to understand the effect of microwave intensity on the bioavailability of carotenoids in carrot and
pumpkin during microwave vacuum drying (MVD), the changes of carotenoid bioavailability were evaluated by static in
vitro simulated digestion model, and the changes of cell wall microstructure were observed by transmission electron
microscope (TEM) and optical microscope. The results showed that the cell walls of carrot and pumpkin were broken and
the chromosomal structure was damaged seriously after MVD. After simulated digestion in vitro, the cell structure of the
digestive juice of carrot and pumpkin was destroyed obviously, and the cell wall was broken seriously. The content of
carotenoids released from the cells into the digestive juice was significantly higher than that of fresh samples. The
bioavailability of carotenoids first increased and then decreased with the increase of microwave intensity. When the
microwave intensity was 9 W/g, carotenoids in carrot and pumpkin had higher bioavailability, and the bioavailability of S-
carotene significantly increased by 12.02 and 24.2 times compared with fresh samples(P<0.05). Therefore, the appropriate
microwave intensity is helpful to improve the bioavailability of carotenoids in vegetables.
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Fig.1 Cell morphology of carrot and pumpkin
(Optical microscope, 40%)
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Fig.2 Cell morphology of carrot and pumpkin after vacuum
microwave drying(Optical microscope, 40%)
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Fig.4 Transmission electron micrograph of digested liquid of
carrot and pumpkin under different microwave intensity
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Table I The viscosity in digestive fluid of carrot and pumpkin under different microwave intensity ( x107Pa-s )
THALW CK 6 Wig 9W/g 12 Wig 15 W/g
AN 9.39+0.15° 1.17+0.03¢ 1.25+0.13¢ 1.93+0.22° 1.24+0.05°

P JI 11.31+£2.54* 1.83+0.04° 2.1740.16° 1.97+0.03° 2.47+0.77°
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BB ST b (P<0.05), iX 2R N R4H M BE A
P ATV PRSI & i THASY B, iR R &)
eSS E AT ARG I A no e s27

24 ARERCFEENAE MIE/NPEHRE MNRRE
. YR AR

FLAS T TR S R TR 2 o N 2
B SR 25 AN 42 2 P, 4% SR 26 B BE A D% 55 5 Y
T, B SRR IR B N 3RO RS AR B AR
AT, XS TE /N AR (RS A IR AN R
o B OGP IS B N 2R AR B R AT B S s ), Rk o R
ARV s B XS B S 2R B AT I S 5, TR
REE O W/g ST, S Nt R R R L 6 W/g
WK 21.51%(P<0.05), a-THE N -8 &
A B 3R 43 B B AR 8.31%. 11.66%. 1% % W& i
12 5 15 W/g ZR RE3E(P>0.05) . FS k4
JE A EE N AR TN S B N AR R
FEERE, X 5 K] 3 WAL TSR N R A Al R
— 3, TG TR FEA SR S IS B S R
B, BB N ARG I Sl 8 N 2R A4 R FH 5 R %
PSR A G ISR ST Ja R B A, AN [R5
BEXTASEA S N R AR R B g, Hoh 6%
PR EER 9 W/g B, SHEE NI I i3 3E | o-HH 2

NE . B-THEY N RAEMRI RS BE S AR, H B-
WA N AR R A SRR HI3Gn T 12.02,
24.2 f%(P<0.05),

T A P T AT S5 RS e SRR 2 B S 2 A4
RS B, A= R SR DRI IR R AR IS | kil 2R
FAE I FE 25 . AR R RE S 9 W/g B,
MR REASTE JS T B P FLBR G A EE 22, [l S gl S48

AT T P R A S, AR RE ™ S 2, S
& N R ORGSR R ENE AL, TR,
FLAS TR TR TH A TR BE i 2 BAIR, IX 23 RIH Ak
BEOIAVE ISR AR, B R TIE R S s I R
(AR %, X5 Zhang 2502 BFFT 25 B, I
WA HeNS oF i SR G AN RE X 2SS N 2R L T AR
ArEHE, WSS M RAEYRI AR A,
TS 2% BH 025 i T A 35 5o R i S 4T it e SR
T2, S ESCRRAR T A MR () BELAHAE FH, Bn 1T 2EEH 5 |
RIAEPREIO N SRTTBEAE TR 5 5 T, Tt
BE PPN R 53Tiz SR, 7K 5313 B e = 1
JINB, T A g v R AT BR s TR B —1>
SET P EEGE R BHAS IS 8 |~ 2R AT
ZE R R W] LA TR TR SR B T b rp 2 3 |
RO R, HHGEE T IHAY R, HkaT oL, B
S TR m L PSS B N SR R B R i HAE
PIRIHEE, 3368 T2k vhAE s BT s SR T BA
BLIEESL
3 g

A SCERGEA R SR B R EH 3 S FiRg I 2iEiH
B NROEE R YRR SRR, B
ZEHOE TR DA S R IV AR RE 2L, A5 (AR g
Fay P EIR, SRS D R AR B R

ZARSMERIIE A, LA TR TR S W 2 S FiEg
JIZH A5 76y BH S i IR, 20 R i 224 ™, T AL IR B
I R (P<0.05), B A R TR AL IR B, MM
BRI N RAEWRINAR . SR EES 9 W/g
B, WS N ARG RS S N FR AR AR 2%

K.

2 R[FGE R A R DA 2EE S N R AR B AR R
Table 2 Retention and bioavailability of carotenoids in carrot and pumpkin under different microwave intensities
N R o- T M pEAEE MR
TR (W/g)
PRER (%) HEIF (%) PREE (%) APIFI (%) TRER (%) HIF (%)

CK 100 3.65+0.09¢ 100 0.95+0.18° 100° 0.85+0.15¢
6 60.80+2.22° 4.82+0.85¢ 47.91£2.75° 1.25+0.31° 48.46+0.25° 1.15+0.15¢
HHE b 9 47.72+1.48° 14.52+0.25° 43.93+8.02° 11.21£0.16° 42.81+7.74° 11.51+0.26
12 34.53+3.39¢ 8.54+0.25" 42.66+7.36° 1.85+0.19° 39.15+8.07° 1.65+0.19°
15 33.91+3.23¢ 8.14+0.15° 40.06+3.39° 1.15+0.02° 36.54+5.08° 1.15+0.15°
CK 100° 4.85+0.16° 100 0.45+0.15¢ 100° 0.51£0.15¢
6 48.70+5.16° 8.25+0.35" 68.02+2.13° 1.54+0.35" 68.78+4.57° 0.62+0.15°
MK 9 23.73£6.14° 24.55+0.55 60.95+8.82" 3.50+0.21° 43.88+5.25° 1.85+0.08°
12 24.36+£2.37° 2.56+0.26° 52.82+2.00% 1.15+0.16" 40.07+2.13° 0.75+0.08"
15 22.5241.32¢ 2.45+0.26° 48.49+0.37¢ 1.2040.15° 38.90+£2.81¢ 0.85+0.16"

T AR EUREAS ] A B i ] 51) /NG 3 30BN [l 367 22 5 ik 3% (P<0.05)
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