R EmiB Modern Food Science and Technology 2019, Vol.35, No.3

AMFIEIT A BRBFEAL MREAERZM

S, K, MER"Y, FTXE
(1. 3B R A IR R = S THER P, T 210014)
(2. R LR FRBFLFIR, THER 210095) (3. B RFFEMIBEARAFL ST, Thédw 210014)

TE: A HECRAPEE K AEMF LB BB ET %, AT . R HE BLZRAFIRENT P ETTEHR. 225
Mty AR T BT 4 AR RAE N ERG RO, RN AR A RAEAT N E, AT N E. AT R
tEERIBZRWE M E. ARNTREENT M EARIETMAR, HPAT . TRETARAR, HEZRTARAL, 45784
FHEAY FERGEEA B, ARMAREE G Z EZREERGEY. BRRTIRGAT P2 ERE RS, TRE
81.52%~86.21%, BT p-3F M EHREFRG, LEE 74.02%~7821%, HREZHTFH I3 HEH (p<0.05), HE+ AT
e RE FEAK, FLEE 27.90%~3522%. EITFEIEAT M ERE FTEEE 40%~50%, s T, £AF FEERIRRENE
ARG RM—, RREBEH 60 Chf, BHELFTERY FEREERS.

XA AT B AR RTINS REE

YERES: 1673-9078(2019)03-177-185 DOI: 10.13982/j.mfst.1673-9078.2019.3.027

Effect of Hot Air Drying on Retention Rate of Carotenoids in Different

Raw Materials

NIE Mei-mei*?, ZHANG Zhong-yuan®, LIU Chun-quan*??, LI Da-jing"?*
(1.Institute of Agro-product Processing Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China)
(2.College of Food and Technology, Nanjing Agricultural University, Nanjing 210095, China)
(3.National Research and Development Center for Vegetable Processing, Nanjing 210014, China)

Abstract: The effect of hot air drying conditions on the retention rate of carotenoids in fresh carrot, yellow pepper, sweet potato and
broccoli were investigated by high performance liquid chromatography atmospheric with a Csy column and diode array detection coupled with
atmospheric pressure chemical ionization-tandem mass spectrometry technique. Twelve carotenoids were identified in these materials,
particularlyo-carotene and f-carotene and lutein. The environment of carotenoid matrix changed significantly after hot air drying, especially
carrot and yellow pepper, but not broccoli. The retention rates of carotenoids in these materials were consistent, and all of them showed a
decreasing trend with the increase of hot air temperature. The retention rate of lutein in the dried carrot was higher than that of the other three
materials (p<0.05), ranging from 81.52% to 86.21%. The retention rate of f-carotene in broccoli was higher than that in other three materials
(p<0.05), ranging from 74.02% to 78.21%.The retention rate of lutein in yellow pepper was in the range of 40%~50%. The retention rate of
p-carotene in sweet potato was low, ranging from 27.90% to 35.22%. These results collectively indicate that the matrix environmental change of
carotenoid was consistent with its retention rate after hot air drying, when the hot air temperature was 60 ‘C, the carotenoids retention rate of
broccoli was high.
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PE AN 3 A2 5. 34 34 1 mine BUHT

TERRRREEHES b HZ . FH% 200.0 g, PE244E
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ST R 474334, FH Pannoramic Viewer 7347 B{% .
133 R¥WF bR ORRE 547
133.1 K% PERHRW

VAR DL HE PERATEFT AR, 23R 4.0,
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AP E SRR, BRI 3 R, W LE
W, e AAR, BAT, HIEChERER, &
0.45 pm JEMGTUES B THIRIRUKAE, F S RoiH
- AR RS R -FRIDE T RS Chigh performance liquid
chromatography atmospheric-diode array detection-mass
spectrometry, HPLC-DAD-(APCI) MS/MS) 43 #fr.

BRI TIRAL TR, FREL 4.0 g TSI T B8 DA
A, ATALERRE b, Sl KRS, I 2 mL 40%
KOH-H B 1 min, JIA 2 mL 2555 F/K3E% 1 min,
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N 26 mL IECfe: —&HkE (5:1, V) IREHR
3000 r/min &5.0» 5 min, B EIERIEF 2R, ZAKT,
FHE-LRER (12, V) IBRERNER, 4045
pum JE M 5 B T @B AKIR KA, #£F HPLC-
DAD-(APCI) MS/MS 347

1.3.3.2 HPLC-DAD-(APCI) MS/MS %14

HPLC %f%: ik N YMC-Cy (4.6 mmx250
mm, 5pm) EiEk:; AR 25 °C; RllEs DAD, ¥
K 450 nm, VEHAH: A: /K:H EE:MTBE=5:70:25

(V/V/V); B: JK:HEEMTBE=5:10:85 (V/V/V); HEFE
20 puL; ZeMEBARESENL, YUHE 0.6 mL/min, BiFEESEIIRE
J¥: 0~4.5 min 95%~80% A; 4.5~12.5 min 80%~50% A;
12.5~18 min 50%~25% A; 18~24 min 25%~5% Aj;
24~30 min 5% A.

MS %A # 10 uL/min; B 1VE: APCI+; m/z
TG : 80~1000; BAHE HLE: 2500 Vi T f4:
5L; ZAbAMAR: 20 psi; AAGIRAE: 350 C; ZRIR
fE: 400 C; HEHIR: 4pA.
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R RE R i DR B I E) () — S T e, FHAMRIE
HIEIETRE (R D SRS MRS
=M JobRiEa 2y, FIFH DAD 7EH K 200~600
nm {0 BRI RS H 4 45 SR S AH DSRS0 .
SERAIMTI, R B s, BprE 3 Rl e
RZEEAEE R s FIM B Fbn et e & o-PAE I
FH - b EbrE i e &,

=1 KPE MNRRIFERRZ

Table 1 Standard curve of carotenoids

g )3 %542 7]:2 A /ng
EE Y,=28.142 X,+104.14  0.9991 1
ERER Y,=6.1693 X,-32.140  0.9991 20
B-AF & Ys=12790 X5+9.600  0.9990 1

E: Y Yoo Vs 2R EE. ERER. FAF L E
PERR; X Xpn Xs 2 A A HA B HHEE (ng).
134 X¥F M ERBFRZ

MEHE MREEASENTERAY PRSE
AL, A

RNE PRIRE R % = gx 100
0

R¥: COAHKFENAY FEEF/ (nge); CHRRF
BERAFENT FESE (ngg);, HFREit.

L4 HESIT0 A

F A SEU EE A 3 YR F origin 8.5 B, SPSS
17.0 B icd,  whecab ol kT AR 2R St it
A3 e 2 (7] 22 53 1Y) Duncan’s 2% B ELE .

2 HR59Mh

21 FERAY PEMER
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B, A AR SR N R,
L L OR BN T S Ah-m] Yl K ol 28 - it

b m/z) SEfehn Kot AR SCikRIE! %
SR G, HLEE 12 FiSEEE N K. 8
o MRS RWE 1 K 2 R, B Mg 6
TR MR, AN N 3 B, 40
FEM R 13- -B-T1% D EM a-HEF N E . p-HE

hE. 9o BE MR 949 bR (H
la); SEBCHUHIL 9 MSSEAE M3, & 2 A%

N 7 P KR bR, S nlRdEm. iR
FEZE0T HHBEE FoKB . 13--B-51% MK
a-tHE N3 S-S N AN - AR b (K 1b);
HE R et 6 IR MR, IR R A
RS 3, Al EER, 13-4 bR,
o-tHE MR 9--a- T MR S-HAEE MEL -l
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Fig.1 HPLC of carotenoids in fresh carrot, yellow pepper, sweet
potato and broccoli

E:a (AE L) Leb#E. 230K B-AF &, 3o
WEME.ALMT M E. 59RX-a-#AF M E. 69X p-
WEME; b (B 1LHHM. 23 EE. 3HEM. 40t
)%, 5.2AEM. 6.13AXB-AE N E. Ta-HF NE. 8-
WY L& 9.9MXp-AY ME; o (HEF): 1efRE. 2. 13-
IRRB-AF & 3.a-AF ME. 490X -a-8F & 55-#
FrE. 69 MKX-o-AF ML d (BZR): LFHER. 2.8
FR. 3 EE. A F L E. SHFAT LR 6.90MKS-H
g IE.

22 XA bW oE

3O M BB HEE AP A A R R
MRS &, A FEERR RS RIS R TR,
MHZEFEE (p<0.05). HPFHR. Bk, £
P TR P AE SR t, ZEHAR 3 M s
WS BRI AR, &858 28.6943.60.
44.90+36.53 18.97+15.31. 16.40£2.22 pg/g (LLTHE
it FED. REBRE AR gRN S, 88
8.88+5.96 ng/g. TEHAEY b B HE. FHZAEPHE
EHEMER. - MR, ST MR, HEEAR,
HEEZEMEER (p<0.05). HE M a-tHZ N R -
Y PERNTFERAY PR, SEMKIKCN 1085.25+
40.24. 1569.05+50.68 ng/g, SHAR 3 FlseAEL, &
B, HEREFE (p<0.05); FHPHaR, K
TR, MR M-t MRS ERE, HhrER
RN 16547435 nglg, SHAR 3 MEEAELL, &&=
Boe, HEREZE (p<0.05), SHEZEE. SHE R
RIS RS R LS B 9.5 £ HE R R S RK
s 4 0.37+0.01 png/g, 1M p-FHE bR LFHITATA
Ve E B b, S B S ST I 90%.
PEEAEH R a-tHEE R B M FON R
BE R, Hd, mERSERE, fHE PRIRZ,
EEHIN 110.92+6.77. 97.16+8.15 pg/g.

7E 4 FhFR IS s 8 A R 4 s U B
7, b b3 A, 7 A, HE 3 MY, 7
A0S P, XS CERIOESE R B, HERES e AR
GRS R 2, ARSI R SR R BB
PR — S B RIS S R AR Ak, (R T
Wz, ATREEH TR0 Rl S S AN A S 80 &
KRS MRMEEG =R AR, PEEAER)
LT MR R S N EONH B
M, &R 547%", SAMAREEAR, AIftH
TG AEH SR 5 AN R .

R2WE N B HE AZRPIELXNET MNENEE

Table 2 Identification of carotenoids in fresh carrot, yellow pepper, sweet potato and broccoli

et 2T PR 8 B 18] /min FOReE/nm JR#TEe (m/z)

HMER CaoHsc04 8.174 418, 440. 470 601.4. 583.4. 565.4. 547.4

#Hek CaoHsc04 9.266 398. 422. 448 601.4. 583.4. 565.4. 547.4
BB CaoHscOs 9.990 416. 446. 472 585.4. 567.4. 549.4. 4934

S CaoHscO4 9.905 422, 444. 470 601.4. 583.4. 565.4. 547.4. 2214
2RER CaoHs0; 12.080 420. 450. 477 586.4. 569.4. 551.4. 5334

ot hE CaoHs0; 11.262 420, 444. 472 551.4. 569.4. 533.4
w-PE N E CaoHss 20.782 420, 445. 475 537.4. 481.4. 4444
pAE N E CaoHss 21.891 422, 450. 480 537.4. 4444

9 R X-a-#F P& CaoHss 21.025 420. 445. 470 553.4. 5354
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BER
VIR K04 F & CaoHss 22.855 416, 452. 477 553.4. 5354
9 RX-B-AE & CaoHss 23.150 420. 452. 480 537.4. 4444
BRXBHAF & CaoHse 18.550 420. 444, 475 537.4. 4444

E: TR REAE A 6 R IRBAE,
R3 AT M B HE AZHPERE MNREASRAE

Table 3 Components and contents of carotenoids in fresh carrot, yellow pepper, sweet potato and broccoli (ug/gDW)

e BN FR HE EEv
HH R - 28.69+3.60 - 31.30+4.40
Hex - 44.90+36.53
BER 18.97+15.31 -
EER - - - 8.88+5.96
ERFR 16.40+2.22
B ¥y 17.3941.58° 165.47+3.5° 0.37+0.01° 110.92+6.77°
-HE E 1085.25+40.24 37.56+1.53 1821+1.17° 14.65+0.35¢
BAE N E 1569.05+50.68* 52.68+4.31¢ 234.21+6.60° 97.16+8.15°
9-IAR-0-#AF & 1.18+0.05
I E R 7.55+0.38 0.73+0.01
QIRXp-4AE & 2.49+1.83° 5.38+0.53° 18.88+1.24°
13-RX-B-AF b & 14.07+4.20° 0.76+0.22° 4.16+3.61°

E: FUTRAAFRR B RXFHEATRNFEAS FE4
23 HRATERAXRAZ Mo EMRETEN

PORTESS 4 Bl RS MRS EM R
RUNER 4 FIFK 5 Fon. SHRFRSG 4 Tl 2
MRS EMMRHRLE TR (p<0.05, HFEERE
T, 4 FRERIRERE NSRBI R 2 N .
SPNTHEG, HE N -3 NSRRI A3 DRI
SRR ZE T (p<0.05), B RELEENZER
o Hh M B RRERE R, o NRIRZ, -
3 NEEAR. SAFRRKEE RS A, 1
KRB RTEEIAE 81.52%~86.21%, {HHAERIL, &
HYCHEITE 14.17~15.63 pg/g, HAF TG00 R (A H 2 57
ANEE. o-HE NRMREEE 60 CHES, A
59.71%, HPBEE TR G, HORHRAE N
fass, ROBEMER (p<0.05). FEEEET S,
B-EHEE D ERRE R KR 2R, TR
BEFERLAIRD S, HBHRAHE . X5 Cut 7
3 NEMRTRG, H p-iE MR R
U, phah, HORTRRIAE A 9 -a- 513 |
FM 9 M-p-THE b2 1S AR B AR N
R, KPP TRIE R F=E T Jfk, X5
BRU PO RIE — B RN N R B AR,

FRE (p<0.05), HIERTAHFHELATLE.
TR — RYISEEINAATE, SEOLE RN
o T R b S B AR 5 Rk A Ak

BB SRS MR IREE R — e E R
PE, B REE N REMRTEE, HaREE
T (p<0.05), BRI bR IR IR
40%~50%/r A7 o Forp 9-Jiia-p-#HE D3 ORFE A,
AHEERMK. HIERMIREFEE 45~50% [0, B-
BAE N 2R R B 2B, JEFIE 27.90%~35.22% 2 ],
H p-5% DR 2 B AR R S0 B
&, HARTERRERZRREE (p<0.05).

SHZERAE RIS MRS EML, ST
MefEHE o B3 MR SR MRS EHEET
B (p<0.05), [FIN —F IR SAAE—E M2 R,
o MERIVIREA TG & T p-% PRI, 8
BB 73 BIAE 54%~69%F1 32%~54%2 ], 1H p-tHE N &
SRBE, 1 60 CH p-HA%E MRIEGEAN 12647
uglg, F& a-tHE MRS EN 9.95 5. o-tHE NRIE
P AR AEAN R ERR L (R 2 e AN 3, 1T B-BHEE &)
TREARIEA R ERE RN Z 7R3 (p<0.05).
T LR BT A P 5 T (] 5 28 8 N R BURRRR
EEERY, ﬁiﬁiﬁmﬁ%ﬂ$ﬁFH%¢ﬁm§h
o EP, XA R T H SR B A R TR
HTl‘ﬂTHﬂ‘ﬁlo
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R4 ARNFREHE N B=E HE AZHEPLERE NENEE (ue/z DW)
Table 4 The content of carotenoids after hot air drying in carrot, yellow pepper, sweet potato and broccoli (pg/g DW)

UiE AN FHR
oty e . . . e . . .
sEAE 60 C 70 C 80 C sEAE 60 C 70 C 80 C
#E R - - - - 28.69+3.60° 15.1242.55° 15.20+1.23° 14.35+1.43¢
ek - - - - 44.90+36.53° 19.62+5.20° 18.1540.67° 19.08+1.27°
HHE - - - - 18.97+15.31° 10.5542.16° 10.01£0.98" 9.49+1.22°
BER - - - - - - - -
ERER - - - - 16.40+2.22° 8.92+7.25° 8.69+0.86° 8.73+0.84°
ot E 17.39+1.58" 14.99+2.05" 14.17+1.56" 15.63+1.38" 165.47+3.50° 78.48+6.25° 76.06+2.11%¢ 83.23+1.35°
o-RE N E 1085.25+40.24* 647.29+5.69° 619.76+3.34° 515.75+4.41° 37.56+1.53° 15.10+2.3 10.09+1.378 11.63+0.758
BHE N E 1569.05+50.68* 436.20+8.25° 521.67+11.05 336.23+6.92¢ 52.68+4.31 18.54+4.36 17.03+0.54 14.71+1.63
Q- X-a-AF & - - - - - - - -
9IRRB-AE & 2.49+1.83° 2.48+0.24° 7.17+1.24° 6.3740.54° 5.38+0.53¢ 4.88+1.22¢ 5.28+0.28¢ 4.94+1.34°
% 2674.18+32.25 1100.96+6.15° 1162.77+6.25° 873.98+5.01° 370.05+12.28° 171.214.12¢ 160.51+6.56%" 166.16+1.08%"
e — T c — — PR c
BEAE 60 C 70 C 80 C BEAE 60 C 70 C 80 C
FER - - I - 31.30+4.40° 16.40+4.09° 18.38+1.44° 16.34+0.43°
HHER - - - - - - - -
RER - - - - 8.88+5.96° 5.67+0.23° 6.08+0.94° 5.51+0.98°
ERER - - - - - - - -
ot E 0.37+0.01¢ ! - - 110.92+6.77° 46.60+2.05° 56.96+2.97 44.61+1.68°
PR AT S 18.21+1.17" 12.71%1.658 10.76:+0.512 9.04+0.992 - - - -
PRE N E 234.2146.60° 126.47+6.25° 88.60+4.37° 74.715.76" 97.16+8.15¢ 71.90+0.54" 81.79+4.53¢ 52.57+0.37'
9 AX-a-A ¥ M & 1.18+0.05 0.60+0.12 - - - - - -
9 IRRB-HE & 4.163.61 - - - 18.88+1.24° 12.01+1.59° 11.59+0.49° 10.97+1.25°
RS 3 258.13+4.52" 139.78+3.65' 99.36+2.01 83.75+2.36' 267.14+5.01° 152.58+1.26" 174.80+1.028 130.010.86

E: FTRAAFRR N BRI FHEATRRILE TEREAT FEEEEFEE (p<0.05), HHEETHFIEATEEL.
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Table 5 Retention rate of carotenoids after hot air drying in carrot, yellow pepper, sweet potato and broccoli (%6)

kAN R
a4 .
B 60 C 70 °C 80 C A 60 C 70 C 80 C
HER - - - - 100.00° 52.71+5.62° 53.02+11.43° 50.92+6.22°
HeE - - - - 100.00° 43.9143.72° 40.44+6.42° 42.51+1.52°
wHEA - - - - 100.00° 55.63+6.24° 52.82+8.91° 50.72+1.34°
LER - - - - - - - -
IRER - - - - 100.00° 54.42+11.20° 53.12+7.90° 53.21+£2.63°
oh¥E 100.00° 86.21+5.02° 81.52+9.01° 84.92+8.01° 100.00° 57.70+5.72° 56.00+1.30° 50.32+0.80°
¥ M E 100.00° 59.71+5.42% 57.21+0.33¢ 47.52+0.40° 100.00° 40.21+1.30° 39.01+3.72° 37.00+2.00°
X AN 100.00° 27.82+4.31° 33.32+0.80° 21.41+0.40¢ 100.00° 35.20+1.23¢ 32.32+1.00° 27.90+1.20°
QAR -0-3F & 100.00° 100.92+0.53° 129.63+0.42° 131.33+7.62° - - - -
IR EWE LA 100.00° 100.72+0.13° 288.0243.92° 256.01+7.73 100.00° 90.70+17.41¢ 98.30+4.11¢ 91.8044.62¢
sdh HE %23t
h BEHE 60 °C 70 °C 80 C sEHE 60 C 70 °C 80 C
HER - - - - 100.00° 52.41+6.82° 58.71%6.70° 52.20+6.90°
ek : : ! - - - - -
HER - - : - - - - -
S Vi - - - - 100.00° 63.8249.71° 68.51£11.41° 62.10+5.81°
ERER - - - - - - - -
ot & - - - - 100.00° 51.3140.92° 51.4242.71° 48.71+1.72°
a-F & 100.00° 69.80+5.00° 64.82+3.11° 54.616.02% - - - -
AN 100.00° 54.12°4.21° 37.82+1.90 31.93+2.51 100.00° 74.02+0.51° 78.21+4.72° 77.62+8.50°
QIR X -a-#F N & 100.00° 51.12+7.00° 51.42+5.50° 43.52+8.00° - - - -
QIRR-B-AF M & 100.00° 54.63+0.59¢F 35.51+0.80" 28.51+2.10¢ 100.00° 63.62+4.80° 61.40£3.21° 58.1143.70°

E: FATRAFAR N BRI FFEATARLETRMLAT FEHREEEZRIFE (p<0.05), FIBEATAHTFHEATEEL.
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[F) R XL PR B 2RI T B D ERIIIREE & H
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BATBAFIIAOCE, (ER A BRI T e DR
RRBE. HAE 70 CHRORR RS, 5N 51.42%
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Fig.2 PAS staining of carrot, yellow pepper, sweet potato and
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E: aAn b SAAHPT AR TIRE PAS £ EH, ¢
Fo d 53| A S FBARNTIRE PAS R EH, e fo £ 455 hEtE
HEFBRTERE PAS REB, g h 53 HEH ZLF R
FIR)E PAS £ EH.

AR AEERE N 60 °C, L 4 FpFERELL
TR EET AT 5 B2 E b ER B AR AR . AR
BHRM RS MG Z 5, WLVEH, 4 FhEREE
FEAINIE A K/ S, 40 S5 40 A AH LRG3 (13 2D,
FLAM MK OO S H B> b>Ta24E. &
RAHEE, 4 FEREZEEAE bR BRI,
MR S5 A FIREEE R 44, JLrhiss b, S
NOBEDIR B, AAR R 4ds. T H s 5 W
R IREE R R IR ; T = AE 15 B4R /),
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BRI

2 PAS JetJmm A, TR A% 2R
BEH AR, SBOLLEEEE MR-4-0E PRI
B AR AR 3 MERHE R (p<0.05). SEARZEHUX
TRREMERRAT ST o2 MEM -IE MR,
KA R TOKRB T AR RAE R R &
AR RAEFUA P IEIE NR BA E R DA
FaENE, FrPL, Mg ECERIEINE b ERAER LA iy
B S L R L S SRR, i ek &
i, FEPURCE R K AR AR, s BRE E
EIPARESH,  HAE TR A Te4s, JEm kA
HAG K2R, RIS EYPRER T K — 285 A7
P, R oA % DA B MR RS T
B DA, REFEMER. AT, e
RAZ DR EZMATET SRy, JEH TG4
BUIN, dEELL GRS, HAHLADOA T 2 2 iIH Lk
73, X AT RES AR N TR S A ) 2 1] 7
B, GERECERROR, It HA KA vE == A6
AW, RUIHAGGE M MR R,
PRI N2 IR R

3 Zhig

I C30-HPLC-DAD-MS/MS 43 #7774 5€ 1 WA
B L HERPE AR MR, X 4 PR
RS EH 12 RIS MR, oS ML p-HE b
FAN S FOE E BRI b, R A
KRR L, MEHE PR MRS ERE. &
TGRS N R BRI, Hh s b
AN, SEOLFEIAE P RAHE P RIRE
HHHAR 3 MERHEZ PRI (p<0.05). FU={EAAL
AN, FTRAHEEES h R ORE RS . 4 PhERL
RIS DR IRRE R EA — 8, HOERE TR
(T e S PR a3 . Forh B SRS R
TREAZIE 4 PpERb AR, RE ST RSN 3 Pk
(p<0.05), MHA ] a-tHE M FEM B-IHE MR EE
i, T A 3 R (p<0.05). BRI
HRRARER . PUqe g% PRIRE L 4
PR R, ST R4 3 FEE (p<0.05).
M BE, $ROUREEN 60 C, TGRS
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