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Fig.1

B-carotene(B) and lycopene (C)
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A:50 pmol/L Fe(I[);B:100 gmol/L Fe(Il);C:0.5 pmol/L MbFe(Il). Flil. The same as below.
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Fig.2 Retention rate-time curve of B-carotene by three kinds of ferric-induced oxidation in the presence of MK-4
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Fig.3 Retention rate-time curve of lycopene by three kinds of ferric-induced oxidation in the presence of MK-4
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Fig.5 HPLC of reaction products of B-carotene in

the presence of Fe( Il ) after 90 min reaction
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(UV-Vis) fr K W W K 40 51 2 378 nm Fl 445
nm, 2% SCHk[19-21 71, 0] LL Ay 45 0 W7 Sk ) 5X-p-Baf
AR-15-1 85 | i A0 s 2X-B-Baf Ak-10" - 85 D S 9 TR
Y.

X} T 2 AR B E A 9.7 min. 0 F B FLM+
H1" & 569, DL K X B () #E 8 F 551 Gm /=) 4 310
(m/z),UV-Vis e KWWKk 390,405,431 nm,
I/ 102k 30 %, JE i =C g e g, 5 Scmk[19]. [ 21 ]
(A L X, BT LA 2B W R 4 g 205, 8,5, 8"-
AR MR, [FF, X T 3,06 4, 0% 6, 1& 7
FE 10, REL 3R 73k, v] 40 0 0 48 % o K-8

A fr-8' - E N R 13- g R 4
-5, 6-F -l 8 b &R -5, 8-3F 4B
BN AR B RO, i T i 8,
TEAE B[] 21.6 min B, BE A 3] 4y 7 B T
[M-+H]" H 537, DL B H X1 B R 5 F 399 Gm/
2),361Gm /), [ BRI 2] T 778 FM+H]"
569 KX R B B+ 551,310(m /2), UV-Vis
e R W K 4 1l 340,418,445.,475 nm, [/ 11
3 33% An/Ay R T, B HED U 7 4 -5,
6.5',6'- R4 AR MR 15--p-
hNEPIR A

x1

B-HAEPNEEFe(ll | EFETHRN=MANER

Table 1  Analysis results of reaction products of p-carotene in the presence of Fe( II )
e R i K
R W BT/ e
M5 ] /min Mnm, m/n/ As/ [M+H] 7R (m/2) YoE TE/ %
aximum m/z
Number Retenti- . % An/%  (m/2 Formula . Identification Relative
X absorption Fragment ion
on time content
wavelength
J2-B-FAk-10"-H8 N EEAN
377 CyrHssO 359 M+H—18]" G-l k-15"-T 8 |
1 6.0 378,448 0 0 N 5L ] A 5.4
285 CooHzs O 267[M+H—18]" trans-B-Apo-10'-carotenal and
trans-B-Apo-15'-carotenal
4R -5,8,5",8'
551 THEBIAE MK
2 9.7 385,405,431 33 0 569 Cy0 Hs7 O:; , 7.3
7 O IM+H— 187" ,310 All-trans-5.8,5'.8' -
diepoxy-B-carotene
Q[ ’8,’+ I iR
3 11.7 465 0o 0 117 CoHwO, 3090MtH—15]+ VPRI @18 b 0.3
trans-3-Apo-8 -carotenal
330,420, 13- =-B- i & M &
1 13.3 3 17 46 537 CiHss  444[M—927+ ,177 g f‘ 8 ‘Hg hES 11.9
450,472 13-cis-B-Carotene
P
5 15.0 440 — — 553 Ci0Hs6 O 457 4.0
? e Not identified
45, 6-FF -
535 M+H— RS
6 18.0 420,450,474 47 0 553 Cy0Hs6 O 535 Buﬂ% & 9.0
18]",205 All-trans-5 , 6-epoxy-
[-carotene
535[M+H—18]", -5, 8- EBIHE PR
7 19.9 410,430,458 64 0 553 CioHs560 ;L _] B _ PRSP R 10.0
495[M+H—58]" trans-5,8-Epoxy-B-carotene
4 RX-5.6,5".6"- -4
551[M+H—18]", SR NNl
340,418, 569 CioHs7 O3 310 15-Ji-B-#H % h &
8 21.6 33 71 v ot -2 bR 13.1
445,475 537 Cyo Hss 399[M—137]", All-trans-5.6.5
361,177 6'-diepoxy-f-carotene
and 15-cis-B-Carotene
2R A NS
9 28.0 430,455,481 25 0 537 CioHss  444[M—92]" ,269 RA-FHE bR 26.2
All-trans-3-Carotene
330,430, M- EA 8 bR
10 29.9 27 10 537 CiHse  444[M—927" ,361 me )?9 hES 3.2
448,480 9-cis-f-Carotene

W/ 2R 2 AN 0 22 18] 1 o /ML DRy e 2 o K U0 4 W oA 06 % o 32 TIT 55 vl D) 2 oA 0 ) o B T 22 L5 A /A g 2 38 I 2 W i e BD 340
nm 22 A5 B W IS 58 5 e ) I 0 A SR E T 2 b “— R FEL LA . TR . Note:the parameter [l / Il is the ratio of the height of the

longest wavelength absorption peak designated [ll sand that of the middle absorption peak designated as |l ,taking the minimum between the

two peaks as baseline; the parameter Ap/A | is the ratio of the cis absorption peak designated as Ay, which is the intensity of the absorption

peak around 340 nm,and that of the middle absorption peak designated as A ; “—

” represents incalculable. The same as below table.
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Fig.6 HPLC of reaction products of B-carotene in the

presence of Fe( Il ) and MK-4 after 90 min reaction
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Table 2 Analysis results of reaction products of B-carotene in the presence of Fe'! and MK-4
IEONUT SN
% B8 I 8]/ mi Amax/nm M-+ X WhET/ . AR/ %
iy MR R mooaw o s s s g
etenti— aximum m/z elative
Number K u /% An/% Formula . Identification
on time absorption (m/2) Fragment ion content
wavelength
2R A-5,8,5",8'-
551 M+ THE B N
1 9.9 385,405,431 33 0 569 CioHs570q 5510 R B_uﬂg; [\%‘:« 1.7
H—18]".310 All-trans-5,8,5 ,8'-
diepoxy-B-carotene
& RA-5,6-F -
535[ M+ -1 3
2 17.5 425,450,475 48 0 553 CyoHs6 0O 535L ¥ uﬂﬁ_ h® 5.8
H—18]",205  All-trans-5,6-epoxy-
[B-carotene
5,6,5,6"- I f-
) EA
3 19.4 410,430,470 83 0 569 CioHs7 02 477 - B,E? l\%l? 2.9
5,6,5 ,6 -diepoxy-B-
carotene
(13-mx)>-5,6,5",6'-
THHEIE5.6.5",
] 551[ M+ , Hi& -0 ) )
4 20.9 330,415,438,460 43 — 569 CioHs7 02 6'-PU AR b &K 5.4
H—18]",310 . ;
13-¢is-5,6,5,
6'*Diepoxyfﬁfcarolene
144[M—92] ", B NER
) 27.4 430,455,481 25 0 537 Cyo Hss 44l ] %]iﬁﬁ CE s 78.2
269 All-trans-B-carotene
444[M—92]",  9I--EAE PR
6 29.1 340,430,450,481 25 10 537 CioHse L | .Ik g Tﬂ& h® 3.5
361 9-cis-B-Carotene
C-o- B8 N &
7 31.8 418,448,480 50 0 537 Cio Hsg 444[ M—927" ERA- W R 0.6

All-trans-a-carotene
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Fig.7 HPLC of MK-4 added to B-carotene in the presence of iron before and after reaction
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Protective effect of MK-4 on oxidation of carotenoids in simulated gastric juice

XIONG Dou, XIE Bijun,SUN Zhida

College of Food Science and Technology , Huazhong Agricultural University sWuhan 430070,China

Abstract The protective effect of methylnaphthoquinone MK-4 on the oxidation of carotenoids (§-
carotene and lycopene) was studied. By simulating the ferric-induced oxidation of carotenoids at low pH
in gastric juice,the effect of MK-4 on the retention rate of dietary carotenoids was evaluated. Taking -
carotene as an example,the type and quantity of reaction products of B-carotene in two different systems
(without MK-4,adding MK-4) were identified by liquid chromatography-mass spectrometry (LC-MS).
The results showed that: MK-4 had the best protection effect and the retention rate could be increased by
2 times when the oxidation of carotenoids was induced by Fe( Il ). For the gastric juice without MK-4 in
the presence of Fe( Il ) ,there were the most types and quantities of reaction products of B-carotene,inclu-
ding cis-isomers,epoxy compounds,aldehydes and degradation products,a total of 10 compounds. After
the addition of MK-4, the reaction products of B-carotene were reduced to 7 compounds without alde-
hydes and degradation products. By comparing the HPLLC of MK-4 in the micelles before and after the
reaction,it was found that the protective effect of MK-4 on B-carotene did not cosume itself.

Keywords methylnaphthoquinone MK-4; simulated gastric juice; B-carotene; lycopene; ferric-in-

duced;oxidation; LC-MS; oxidation products
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