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R H Apfrpliaank B H = BB AAE S o VRS -5 g AR R gl
BTG o - JEf RS hps LA - L Bew T RIFG B TR TS TG
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PIET * 02 TR e R ST o FHARRAR S B ¥ NP BT
JREEF R T FATH Y B DL KRB AR EF DA ERE
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alboglabra) ~ ~ ¢ 3% (B. rapavar. pekinensis) ~ /|- ¥ 3 (B. rapa var. chinensis) -
¥ . (B. rapa var. parachinensis) ~ #& § (Raphanus sativus) ~ = % § (Raphanus
sativus) ~ 2_fr ¥ (Erucasativa) ~ & #3% (Nasturtium officinale) -
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KR F AR T~ B-'E% F{-i-% % FrLp CaroteNature GmbH (Miinsingen,
Switzerland) - £§ 2 “B-# BE§ % - 2 K% FioB-#-8 - By
ChromaDex Inc (Irvme CA USA) - £4%F " AEZM~A-2TH -4 7
fe v A-2 TR Bafa e AZA T ¥ (BHT) BEp Sigma-Aldrich (St. Louis,
MO, USA) - LiChrosolv® %z fgfrg @ ~ HPLC %™ % = = ZA @t (MTBE)
Jok 475 che g pr B p Merck Millipore (Burlington, MA, USA) - LC-MS
e i o~ P iR /g (IPA) m 2 HPLC & ehp @k fr2 = B p Fisher
Chemical (Waltham, MA, USA) - 4z % -k (18. 2 MQ/cm) ¢ Siemens Ultra Clear
TWF -k i %k % (Munich, Germany) # # o
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s g E A YMC Co., Lt (Kvoro, Japan) & YMC #p# % § % C30 ¢
i (150 mm x 2.1 mm > 3 pmFjs) FF e ke 5 10 pl o
g eyt gp 59 pRcok (9:1 > mLimbL ;A& A) v IPA:® fg (7:3>
mL:mL ; ;A% B) >/ 52 0.3 mL/min:> ¥ E 4T x%mfe s @ 15-30% B
(0-5min) ~30-45%B (5-15min) ~45-95% B (15-17 min) ~95% B
(17-30 min) ~95-15% B (30 -30.1 min) 4= 15% B (30.1-35 min) -

% i it APCI /R ( SUPPLEMENTARY MATERIALS AND METHODS * Sl ) & » i * &
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AT R R Tl ~ A 'L (LOD) fe T (LOQ) & # 5
S (it etpfqe= iz > S1) o EFRLEEEF=< (pPF N =15) &
- AP (= RPN =0) I AR E R SR R E iR L (RSD) -
HW AT o AR B PR EFEER A (N=06) ¢ 4cr e of
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Agilent MassHunter z_# #r # (SantaClara, CA,USA) * >t F AL o & o
Microsoft Excel (Redmond, WA, USA) * " dicdy 2 fric o Wi ig o
RStudio (Boston, MA, USA) * =t 3 @] # B f= OriginPro (Version 2017)
(OriginLab Corporation; Northampton, MA, USA) * >t 4:& ¢ 3§ ] -
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Table 1

Optimised ion transitions and collision energies for positive APCI-MS/MS de-

tection.
Peak” Analyte RT (min) Precursor MRBM transition (m/z)

ion (m/z)
Quantifier Qualifier
ion (CE, V) ion (CE, V)
1 y-Tocopherol 6.40 416.5 151.0 (34) 191.0 (26)
2 Menaquinone (IS)  6.66 445.4 187.1 (26) 81.3 (32)
3 Violaxanthin 6.88 601.4 221.2 (20) 583.4 (10)
4 Neoxanthin 7.23 601.4 167.0 (18) 583.0 (8)
5 a-Tocopherol 7.46 430.5 165.0 (38) 137.0 (44)
(3] Tocopherol 9.77 473.4 207.0 (16) 165.2 (30)
acetate (IS)
7 Phylloquinone 9.95 451.4 187.0 (26) 199.0 (30)
] Antheraxanthin 10.39 585.5 119.0 (42) 567.4 (12)
9 Lutein 13.58 569.4 119.0 (42) 551.4 (12)
10 Trans-B-apo-8'- 15.21 417.4 95.0 (30) 119.0 (34)
carotenal (IS)

11 Zeaxanthin 15.73 569.4 119.0 (42) 175.2 (20)
12 B-Cryptoxanthin 19.19 553.5 119.1 (32) 177.2 (20)
13 [B-Carotene 21.44 537.4 177.2 (20) 137.1 (32)

? Peak numbers are according to Fig. 1. IS: internal standard; RT: retention
time; CE: collision energy.
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(A) Fig. 1. (A) Representative chromatogram of
12000/ 120000 the calibration standards, containing seven
| f 12 carotenoids, two tocopherols and phyllo-
100004 [ ‘»;.,i‘m & [ 100000 quinone, separated using C30 column and
! ‘ ‘ analysed by positive APCI- MS/MS Peak
, 8000 5 "fll . 2 ! , 80000 ., assignment is shown in Table 1. Phylloqui-
e { | =~ = g none (peak 7) is plotted on [he right sec-
g 60001 ‘ -4 ‘ 13 50000, g ondary y-axis. A magnified portion of the
2 40001 ;3 }H . ‘ 40000 2 (c:mmca)tog;am from 9 to 18fmm |§ ::‘own in
o) | B e St
7000 |’ 'l " A F= 'J]‘J.‘T rrrrrrrrrrrrrrrrrrrrrrrrr | | 20000 died. The three IS (peaks 2, 6 and 10) are
ol— JAVA \W, R > SO | 0, 6 ,A.-JI \ il 0 plotted on the right secondary y-axis. Peak
— 14: unidentified; peak 15: (9'Z)-neoxanthin
0.0 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 and luteoxanthin; peaks 16 and 17: (13Z)--
Time(min) carotene, a-carotene, (9Z)-f-carotene and
lycopene.
©)
450+ 7 2500
\
- il 2000
350-‘ ‘
8 3001 ‘ | 1500 g
<
-t | 1005
g% \ fl g
1504 I ' [
| I : [ 500
100' I /] ‘\‘ 17
50 a8 AW A 16 0
Qd——yloiy v - v . . v v ’ - . v - - v v v v {
0.0 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
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£0 pAEA 454 b LOD 4 L0Q A &
0.1 I 21.5 pg/g DW 4r 1.10—47 6 ug/g DW -
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o e g A NS
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* réér;ﬁpﬁﬁ‘v R #%WJ@%%“RSDV*IM R e AR e F
R RO ok mﬁv\#"rﬁ% B P48 R R 41‘-"’ EERIE T
PRy AP Ry 2 ﬂ—-?rr‘ffa%ﬁ"iﬁ a8°C T3 048 L48 | BF oo g
TS‘ Y, %ﬁg’»,}nr‘ FBHTH 40 31 mg/mLu Foo uig’ *ﬂv\’}‘r#ﬂ R T
ﬁ*mlfmﬁ o AR B P L EE O 4 AR OREE Y TF 0 K89%
128% #
xﬁmpzaw%m 3 s %m@ﬂk+’w%d%%ﬂﬁﬁﬁ@ﬂ
e A pd Hegpd (v %f-_—mtk\;"” § 7 fEic R ’f#i“ o BT RF FI-E
FHREZORETHETT AP > R AR IR Bty B s g B4
B~ BRIrREREFFFEFEF G - 2B - § 7 2T RQEFHHE
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3 |
TRECREFEY 278538 (1061411 pg/gDW) » H £ 2 7% (916
+22 ug/gDW) » ¥ (625 + 63 pg/g DW) 4o & & (620 + 10 png/gDW) -
EF 3 HAEB- B N3 T8 7 31« S8 i &4
HRE R LY EECFEE ﬁ@%*&@ﬂ’ﬁ%%?%iiﬁﬁﬁﬁ
BE 9 TR 9 By TreB 37 e By £ & 4

B2 1] (Guzman et al., 2012; Isabelle et al., 2010) o L @ 7= %
PHER A BV RYAIERFEME CBKEEF - FE Fo (Kao
Chiu, Tsou, & Chiang, 2012) - % » B &3P > - B g F L b7 i°
F XW BRE 0 TF G S RpEY AL RS B A
(Guzman % - 2012 ; Isabelle % - 2010 ; Kao % » 2012 ; Znidar¢i¢ -~ Ban 4c
SMﬁvmﬂﬁ)oﬁ%hé%ﬁ%@%—ﬁ’?ﬁ{ﬂ%iﬁﬁgﬂ(w
-lif'r'cﬂfﬁ FrE f@‘?bihé*éi)i)ff'%? (’&l—&rfﬁﬂ?‘“ﬁéﬁ> & ﬁ':‘}l‘—i}i
W MR T iER c ERP-FAFFPHIRY FORT LR X
< o gt eb > Santosetal. (2012) it 7 4 & 10 % {8 B PEE
A FH 4 > @ Hwang, Jang,and Kim (2012) %= 7 ¢ 4 &
FETT B-PREFEIERS o .U%—éflmu% S
MR BRFIEDPHGFIRG ZFENRE AT fu%\}:é‘&?@“fr%?% (var.
raapstelen Groene Gewone) (Jahanglret al., 2014) *#

R 722D o AP RAEfe> 2 (Bldode B M;‘J L IE R i B4 I
;‘é) LR VR ERFLEENLR o Ra > BEFT - RFRKEE
FOEREFA-F B 57 EAERS -

GEHEFLLESE I NAE Mo MW HAEFY OAFHREF L &
EFEEY BRAEZE mf; %pe (55 + 4 pug/gDW) feimE (47 + 2 pg/g
DW) > A& MEL B #FMR (3.9 + 0.2 ng/gbDW) - &2 2 BB #3%
(2019) shiiedp i@ r’v’ﬂi}éf;?:ifp Lo RS L e e B
7 ;L“ 83 e *%irs ﬁgﬂtﬂﬂiﬁ.ﬂ ;ﬁ; yﬁﬂ,&)ﬁz?-@r& o @ Arift » % L
BV Ed AR EGRE U AR o i 2

R*ERBET 12 BAEFYHSRY AT R ESROAYH (B

kR
2) o ERFEY AT B E frhMIRR PRT A4 BEF- 541 (24
(Fé ) kRamn - L Aattde (logll) - {46 5 - REIIN & :
AT ESREY SEEFZERSF ’ﬁr??‘*‘%% CZREECAHW b E
frfFw o RFH -9 B fre®y  RRRM AL FHF > TEE 2
v X qfrieF+ H E o



Table 2

Linearity, limits of detection (LOD), limits of quantification (LOQ), repeatability and recovery of analytes.

Analyte 5 Linearity LOD (ug/g DW) LOQ (ug/g DW) Matrix effect (%) Repeatability (RSD, %) Recovery (n = 6)
Range (ng/ml) Regression equation” B Intra-day (n = 5) Inter-day (n = 15) Spiked (ng/mg DW) Mean = SD (%)
y-Tocopherol Menaquinone 20-2000 ¥ = 0.1103x + 0.0035 0.9999 0.10 110 100 7 6 300 B9 = 8
Violaxanthin Menaquinone 20-1000 ¥ = 0.3240x - 0.0689 0.9973 6.64 873 95 @ 1 300 128 % 15
MNeoxanthin Menaquinone 20-2000 ¥ = 0.1051x - 00390  0.0057 7.60 16.01 81 5 21 301 120 + 13
a-Tocopherol Tocopherol acetate 20-2000 ¥ = 0.0660x - 0.0015  1.0000 3.58 479 102 8 14 299 109 = 3
Phylloquinone Tocopherol acetate 50-2000 ¥ = 0.4432x - 0.0216  0.9999 B.46 8.57 105 2 7 300 110 = &
Antheraxanthin ~ Tocopherol acetate 50-500 ¥ = 0.0020x - 0.0002 0.9973 21.46 47.55 95 9 15 400 105 = 4
Lutein Trans-f-apo-8'-carotenal  100-2000 ¥ = 0.0566x - 0.0400  0.0034 1272 34.51 85 5 8 1563 124 £ 15
Trans-f-apo-8° l - 20-200 ¥ = 00892y - 00017 09999 284 657 a5 16 20 90 110 + 12

B-C Trans-B-apo-8* 1 50-1000 ¥ = 0.3347x - 00353  0.9970 7.41 771 97 10 1w 58 B9 =5
B-Carotene Trans-B-apo-8'-carotenal 501000 ¥ = 0.1640x - 0.0165  0.9989 4.31 4.94 94 2 11 1416 100 = 8

18: internal standard; R%: coefficient of determination; DW: dry weight; RSD: relative standard d SD: lard d.

* Regression equation is given in the form of y = mx + ¢ where y and x represent the 1S-normalised peak area and standard concentration respectively, while m and ¢ represent the slope and y-intercept of the
regression line respectively.

Table 3
Concentrations (mean = 5L} of id, pherols and phyllog in 12 i bles (ug/g DW; n — 3).
Wegerable Carorenolds Tocopherols Phylloquinone
VI HEO AMT LT aeA Bony B oA Total - ‘Tatal
Broceali 30+ 2 37 £ 06 111 = 03 102 = & 31 = 01 BI6 £ 0.4 26 = 4 215 £ 10 221 = 66 65 = 19 286 + 85 a1
Brussels sprout 25 + 2 301 = 03 15 = 4 60 = 4 143 + 0.01 B35 = 0.05 13 = 2 162 = 11 22+ 2 0.05° o ox 2 177 = 03
Cabbage 10 = 2 6 =1 103 = 04 9 =3 144 = 002 798 = 0.03 60 = 0.3 50 = 6 0 x 3 005" 20 = 3 22 = 3
Cauliflower 502 + 004 5 £ 1 101 = 06 50 = 0.7 16 = 01 799 £ 006 53 =02 41 =1 27 + 2 78 = 22 104 = 23 0 =2
Kailan 65 £ 10 56 = 2 72 = 18 288 = 10 10 £ 8 114 = 05 17 £ 14 620 = 10 34+ 8 107 =17 141 = 25 4z = 4
Chinese cabbage 15 = 2 8 x1 13 £ 2 4 x5 30 = 08 799 £ 003 76 = 09 Wz M1 ous” 3£ 11 15 = 2
Pakchoi 50 + 4 52 = 3 27 = 4 24850 £ 22 5 £ 1 119 = 02 97 = 12 491 = 38 39+ 14 12 = 4 52 = 14 42 = 2
Choysum B0 = 7 E7 = 1 47 £ B 267 = B0 71 117 = 0.2 a7 = 7 €36 & 62 3% L & 14 = 23 M =2 42 = &
Daikon radish 46 = 06 44 = 05 08 = 0.0 5+ 1 1.42 7+ 1 35 = 07 35 =2 178 + 0.01  0.08° 183 = 001 39 = 02
Red radish 78 + 08 an + 01 7 a8 + 0& 15 + 01 541 82 + 0% 40+ 2 24 + 0% nna 25 + 03 46 + 02
Rocket salad 144 = 17 73 =3 108 = 3 522 = 6 13 = 4 125 = 04 189 = 14 1061 = 11 63 = 6 8=1 70 =6 47 = 2
Watercress 17 =5 65 = 3 136 = 21 495 = 23 19 =3 105 = 03 74 = 14 916 = 22 40 x5 1 =2 50 = 7 55 = 4
* LOD/Z was reported as the analyte was not detected in the sample. VIO: ¥ NEO: ANT: ZEA: B-CRY: f-Cryptoxanthin; f-CAR: f-Carotene; SE: Standard error.
Brassica oleracea Brassica rapa Raphanus Eruca__ Nasturtium
. Brussels Cauli- i Chinese Daikon Red Rocket
Broccoli sprout Cabbage flower Kailan cabbage  Pakchoi ~ Choysum  Radish Radish salad Watercress
Violaxanthin
Neoxanthin
Antheraxanthin
Lutein
Zeaxanthin

B—Cryptoxanthin
p—Carotene

a~Tocopherol

]

v—Tocopherol

Phylloquinone

Fig. 2. Relative concentrations of carotenoids, tocopherols and phylloquinone in 12 Brassicaceae vegetables. Red (+1) and blue (—1) represent the highest and
lowest normalised concentration of an analyte in the vegetables respectively. (For interpretation of the references to colour in this figure legend, the reader is referred
to the Web version of this article.)
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