i SR 2 = T S

H Journal of Chinese Institute of Food Science and Technology

Vol. 22 No. 2
Feb. 2 0 2 2

W22 %
2022 4

Do

P = Fh il o H il = EE FO A R ER LB A 5 1

EHF, OBHET, F OB KIE, ARHT
(bHER@BRFEEAFEIRZ  LH 200240

TEA TS A SR KA RG] L 245211

SERLEZRFEALEASAFEZ EBAFAR 20742)

= - B
ZEE',

HE 5 A1 A AR & ARG TR AR €35 — v AT & AT B R R 3% BN AU A A48 & - RS IR R | 2 ATk P Hd =
B (TAG) 5 e B 4k, W S 2 i — B EWN B T A BRI R B T4 & AE 204 F P 52 43 A4
B R ERE RN L AT PSS BT AIE, SRAN . ETM B AT HZETEA 3R SF
MR 1= T —2— T ok B —3-Bi B (ELE) . 1-JF 82 -2- & kit -3- 7 B2 85 (ELnE) #= 1-75 % M 8 —2— Tk B —3— % B By
(GLnE) A & 2 4 Fid P &2 K& 69 3 AP b =85, 15 A& A o2l 4 69 1 ob = 85 & B i = 85 49 77.99% ., Mg s B2 40 %,

W EEY IR D ATl (53.13%) T A E R &, R A bR (20.92%) Ao ik B2 (11.82%), AR R RIGH T 28 B 238
T P A YRR T M, A EA T e A T AR R RELRE

X4
XERS
PR SO T SR Y T P o R R B
Fr A HESEY ) BRGNS A KREESR
B ARSI B, AR BT AR AT R R AT 4E S B
JE R Z U0 AR £ om Ty &I ek K
Fr, AT G b B — R Y B R IR B R A
VYRl PG LR R T B R R S, L
A EALHE L 4 R R AR R A R
B BR T HAEE AN TR R, A
FEHR | LK VG 224677 i DA KV 22 AR SR IO 7™
S TEPY AR N Tk /8 v AP 4R Sy —Fh 2RI
PR RS VAR R MR T Y A
TG T AR RS T R R N R
RAEAESRWMBUREYE . E MR 22 AR R T
BIWEIE F TR S N  Y J3 25 Ak SR D 45
D5 T i TR - IR O B A 2 — T
Hh =M (TAG) TR IR B & & 5 el i 95%™,
PRV 22 AT v (4 i 28 9 o ik o o S B B
IN L 2k R T 2 B B 2510 H R B Y

1009-7848(2022)02-0319-09

KA. 2021-02-23

E&WB: ‘b= EE A RS L
(2018YFC1602400)

WHFE(1995—) 9 Lk

I E-mail: gaoboyan@sjtu.edu.cn
T RLF]

EE T
BIEIEE !
E-mail: liangli.yu@sjtu.edu.cn

W ZAAF ol Hih B R; T ER AL R AR & AR IS SRR &3k I AR AT R AT R 1) R i
DOI: 10.16429/1.1009-7848.2022.02.034

i A A AR TR A A WFSE b T = 48
o301 P 9 g T R A A SR SR W P = AE R
T &AL 58%HITTIR 38 A — i B IEANR |
TR FIAR AR IR 5 R IR o G i 7Y 22 1B 7
T I =R B 2 AL R R DRI S AGE Bz
Jii Js R N 5 A H b TR P B B AR A
Ko BORBZ BOIENE R W] BR IR 107 BR 4L A, i 105
T T Il =6 e A 3 A X LA O RN (B A )
AE A L ZE R N B8 R e H il =R Y
A B RE O H A = WA E N, AR R T
IR R 1) W Wi, s mi I S A aAs o e T 1 == AR A 1
T R I TR 2 A T 2 R B B8 4 s L AR B T A
FUHE, 74 22 A6 R0l Y 255 F TR AR 27
A

Buchgraber SPZ5 54 1A (38 75 | AOR AR
35 | 2 0% I A A S A A
SR E BT B, SO S A A fE
ROy oy 1 O A A B Hh =l B aE AR Y
o il 23 5 R AN i BRI B 22 N AR R H Il R B A
I, 2R T H il = R A S T e RO (B3
VAT ST IR e e e A S E [ Ol L =3 T 1 R
W% 7% (Non-aqueous reverse phase high perfor-
mance liquid chromatography, NARP-HPLC) Fl4:
BT B A% (Ag™-HPLC) ,NARP-HPLC



320 hoE

i oF i

2022 455 2 #)

TCYEA R0 8 24 b S5 5 E (ECN) AH ] B H i =
Fi, 7% NARP-HPLC 5 Ag'-HPLC B (i —
AR (T EAT 20 A, BRAE S % ARG DU AR R AR
R I - A €233 (Supercritical fluid chromatogra-
phy, SFC) LA I F i A E Ry it s A , 76 B AT IR A0
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e T —2— 1 PR -3 — IV 31 T2 15 (POLL) ] A6z i 77 9% 1)
B PR EAT B0 IE s 80HE I SR IAE A (335 — DU B A
K AT B A B3 2 (UPC? Q-TOF MS) & # i F +
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R AT DB I S0 AR (L35 B AN BE XS T =R
R HEAT R A3 B, SR, A WF SR T i A0
FRAOTE AR L, R o 00 im S0t A (5 3% 7 A B
U AR AT AL 0 B 0 B I T R [l e T
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fit UPC* Q-TOF MS Z3#7, #Eah-PATAEHE 3 6y
1.3.1.2 BALFE IR L FF 20 mg 13l
fiA 0.4 mL H1 21 0.4 mL 0.5 mol/L. KOH ! i
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ARG L E 60 °CF KB IR 5 min, B EE N
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W 52 ot 2 HE RS B SN P GC-MS 4007 A
A AT AR EE 3 47
1.3.2  EmSoE il SR Ik S A ERE
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mmx1.8 wm), #: &N 30 C, 7 K 12.411 MPa,



B286 H2M

G 2 30 Ar T o P h = B e S B2 4L R 4T

321

HEREEN 2.0 wL, WA A J& CO,, Ji sl B & H
B4R 1.6 mL/min, YA .0 min,99% A
Hl ;5 min,98.2% A #1 ;12 min,98% A #{ ;15
min,97% A #H;16 min,70% A #1;19 min,70% A
s B Ja EF] 99% A A B EA . i F Waters
1525 B AE M AN B, 0.19% F R B — F B v AR
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1.3.3 DU AT AT B (8] BT 3 A 1 R FH LW 2%
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L/h; fff ) MS® 88 2R A2 5080, MS! A5 =X i) ilf 43 RE 12t
6 eV, MS* 15 1 Rl AR R 35 eV AL
A% b 100~1 200; REHZR 5 ik Fds &/
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BTG A AT R T (ED B 7 TR i
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Fig.1 UPC? Q-TOF MS base peak intensity

chromatogram of broccoli seed oil
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Fig.2 MS' spectrum (a) and MS? spectrum (b) of LLL
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Fig.4 MS' spectrum (a) and MS? spectrum (b) of GLE

LN R/ 1 R ) 2 L 1< N S R R U
L, BT A5 4 P S AR R R A 43 B H
=R H I =R AR R AR 1, 43 FhoH Il = e
o, S fm 6 A H I =R ELE ELnE .GLnE
GLE .GOE #1 LOE & S H i =FR Ay 52.21%, AHXt
SR 11.72,11.64,9.12,8.24,6.46 F1 5.02
¢/100 g TAGs; 15 Bl H 0 = Fs & A JF i 0 5% , B
ELE .ELnE .GLnE .GLE ,GOE ,LOE .PLnE . OOE .
PLE .POE .LnOE LEL .LnSE SEO fil SLE, /i & H
M =ERY 77.99% ., %EM 43 FH W =E 54 13
X [ 43 S Ae A L HAAR S5 44 4331 2 PLnP 1 PLPo |
PLnLn 1 LnPoL .PLL 1 POLn .POO 1 PLS .LOLn
Al LLL OLL #1 LSLn .PGLn A1 LOO .LLG FILnLA .
PLnE 1 LGO .POB FI SLA .LnOE FI LEL .LOE I
LnSE \OOE 1 SLE, F# 13 X [F] 53 5 6 AR 76 5

OB I A s rh A R AR, AR TR
RS AN B AH R B, sn—2 IB B FR %% 5 sn—1/sn-3
i 7 R 000 1% Bl i~ SO RN AN R B R 3,
TR A R e ORI S I A 3 A DR BRI ) R
B,
2.2 PERHERA K

VY =2 46— 11 3 28 077 1 2H B B AH X 5 1 DL
2, GERFW VLM T B AH 9 MR
1%, FC SR RN RE T RR AT 5 i, 43 501 S il R (C18:
1) 3 iR (C18:2) . — T Bl 45 R (C20:1) . JF 2
(C22:1) A &g (C24:1), i B IR TR & & 1Y
92.54% , AHFNRg T IR 7 i 5 T BE 9T A 4 2R
92.36%—F 1" 1 AR Wi TR AL AT 4 Fh, 43 51 A
12 (C16:0) FEJEHR (C18:0) AE4: R (C20:0) 1l 77
fi% (€22:0) , 2 A7 SR MR & 1Y) 7.46%, 74 2= 46 Fp
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Table 1 Identification and relative concentration of triacylglycerols in broccoli seed oil
%5 A& G B 18] /min TR 2F X BoE M WA T/ e g
[M+NH4]* (100 g TAGs)™

1 5.17 844.7394 Cs;HoyOs MLL 4 0.13 £ 0.01
2 5.27 868.7394 CssHo,O4 LnPol 6 0.10 = 0.01
3 5.33 890.7238 Cs;Ho,04 LnLnLn 9 0.09 + 0.01
4 5.52 846.7551 Cs;HogOs PLPo 3 0.13 £ 0.00
5 5.55 892.7394 CsHo,O4 LLnLn 8 0.28 = 0.02
6 5.59 868.7394 CssHoyOs PLnLn 6 0.25 + 0.01
7 5.7 894.7551 Cs;HogOs LLLn 7 0.71 + 0.04
8 5.76 870.7551 CssHosOs PLLn 5 0.95 £ 0.04
9 5.87 846.7551 CssHogOs PLnP 3 0.43 £ 0.02
10 591 896.7708 Cs;HogOs LLL 6 0.34 + 0.05
11 6.01 872.7707 CssHogOs PLL 4 0.66 + 0.02
12 6.05 848.7707 CssHogOs PLP 2 0.69 + 0.02
13 6.05 896.7707 Cs;HogOs LOLn 6 0.66 + 0.06
14 6.12 872.7707 CssHogOs POLn 4 0.58 + 0.03
15 6.19 898.7864 CsH,606 OLL 5 1.18 £ 0.03
16 6.33 874.7864 CissH 0006 POL 3 1.13 £ 0.02
17 6.58 900.8021 Cs:H,206 LOO 4 0.82 + 0.03
18 6.65 876.802 CssH 1206 POO 2 0.55 + 0.01
19 6.68 898.7864 Cs7H 006 LSLn 5 0.30 + 0.01
20 6.97 924.802 CsoH 206 LGLn 6 1.39 £ 0.02
21 7.07 876.802 CssH 1206 PLS 2 0.24 + 0.01
22 7.11 900.8021 CsH 0,06 PGLn 4 1.94 = 0.05
23 7.22 926.8177 CsoH 6406 LLG 5 2.48 + 0.03
24 7.32 902.8178 CsH 6,06 PLG 3 2.56 = 0.04
25 7.64 928.8333 CsoH 10606 LGO 4 1.84 £ 0.03
26 7.75 926.8177 CsoH 6406 LnLA 5 0.41 £ 0.02
27 7.78 904.8333 Cs7H 0606 SO0 2 1.05 + 0.01
28 8.31 928.8333 CsoH 10606 PLnE 4 4.34 + 0.08
29 8.42 954.849 CeiH 0506 LEL 5 1.83 £ 0.13
30 8.53 930.849 CsoH 6506 PLE 3 4.13 £ 0.07
31 8.71 954.849 CeiH 1506 LnOE 5 2.91 + 0.08
32 8.95 956.8646 CeiH11006 LOE 4 5.02 £ 0.17
33 9.12 932.8646 CsoH 11006 POE 2 4.03 + 0.05
34 9.52 958.8812 CeH 11,06 O0E 3 4.14 + 0.05
35 9.63 932.8646 CsoH 11006 SLA 2 0.12 £ 0.03
36 9.69 956.8646 CeiH 1006 LnSE 4 1.53 + 0.02
37 10.01 958.8803 CeH 11,06 SLE 3 1.36 £ 0.03
38 10.12 982.8803 CeH 11206 GLnE 5 9.12 £ 0.16
39 10.58 984.9003 CeH 11406 GLE 4 8.24 £ 0.14
40 10.83 960.8959 CeiH11406 SEO 2 1.51 £ 0.00
41 11.29 986.9116 CeH 11606 GOE 3 6.46 + 0.04
42 12.07 10109116 CesH 11606 ELnE 5 11.64 = 0.08
43 12.53 1012.9272 CesH 11506 ELE 4 11.72 £ 0.19

VE M F0% A AR ; P AR Po 25 A ;S F % RIS R 5O #2778 0 5 L 2670 00 7 ¥R s Ln 260 LR AR 5 A 78 1E/E R ;G Fm 78
HERETR S E BRI X XY XoY-X XXX Al X2Y—Z 7% H il SR M2 M, G100, G-LE F% 14/ M W20 3 W~ 3~ 1 3l
W CEE bR )g/100 g TAG,

I R AR X
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T R AR TR R ST IR, LU AT AR A
WM R, AH XS BEAK IR R 53.13,20.92 ¢/(100 g
FAs) #l 11.82 ¢/(100 g FAs), iX 5 It Al 1% 38 (18
i 7 CO, ZEHL VG 22 A6 R i b B e & & (OF
iz 58.26% iR 23.76% IV I & 8.99% )41,
ARG A H 08 M R A I B AR I 5
R R AR I West S5 UG T L Y 5 i i DT AR
(WEERR 0.05% A5 A MR 3.33% . — | ik — 4 iz
0.49% L DU TR 0.17% AR 0.34%% ) TEAR
WFSE AR BRI M, 3 22 S5 n RS AN [R] 1 T B
PEIUTT 1 BB W7 A DU 5 A VG = 4 ot ol R 5 DR 7Y
FERRFEH,

F2 X T GC-MS EL #2051 A i R 21 Bl
55 H I R AL BT S R I R A R A R 4
T T IRTE PR G R rh 0 & i i IR TR
LRI 7 1 R T IR 2L S B D R e o IR
UWCONIFIR IR MR | T B R A A R |
JRTR . PR AL ATIR , BRI & A% F Wi
Ab, IR AR Ak A B H I R BT SR g
1% 20 B A8 Ak ka3 — 3 i H Il = R T B A AR
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Table 2 Comparison of relative concentration of fatty
acid compositions determined by GC-MS and calculated

by triacylglycerols compositions in broccoli seed oil

% B B 48 /g (100 g)'FAs

fig W BR.

MV CV
AR (C16:0) 4.13 £0.07 9.51
A% fig B2 (C18:0) 222 +0.02 2.40
R (C18:1) 20.92 +0.53 15.41
T idER (C18:2) 11.82 £ 0.10 18.19
e £ B (C20:0) 0.48 + 0.04 0.21
=B R (C20:1) 5.39 +£2.60 13.64
b AR B (€22:0) 0.63 +0.01 0.00
Fm (C22:1) 53.13 £ 0.58 40.63
AP 22 R (C24:1) 1.28 £0.03 0.00

TE FA Fom B s MV 3R 7R SO (0 15 B 42 000 2 R 0 12 4L 0 45
SOV FRoR di 3R 1 H il = A5 R T A 28 0 BR AL

At 5 o = R 2 ST 5 04 R M5 TR 4 R 1 7
PR A HEA — 2, 35k 3 B e 00 e 5 A £ 73—
VLA AT HR IR AT N I 53 28 G — o g R
AT P = AR A AT B, R
Ko AR T SE AR A2 2 A AR Al 2 2 S 5
MEETH,

2 % x #

[11 RAGAERT P, VERBEKE W, DEVLIEGHERE F,
et al. Consumer perception and choice of minimally
processed vegetables and packaged fruits [J]. Food
Quality and Preference, 2004, 15(3). 259-270.

[2] SARKAR A, KAUL P. Evaluation of tomato pro-
cessing by—products: A comparative study in a pilot

scale setup[J]. Journal of Food Process Engineering,

2014, 37(3): 299-307.

JB[J. &Ry=&nT, 2015(21): 61-63.
WU G H, BI T T. Advances in nutritional value
and deep processing of broccoli[J]. Farm Products
Processing, 2015(21): 61-63.

[4] LE, fOAKIE, B VEEAEAF T BB AR
OrE KA E)] AR, 2013, 34(5): 124-
126.



326

O

B

= QYA
=

R 2022 457 2

(5]

(7]

9]

[10]

[11]

[12]

JIANG M, SHI L J, YANG Y. Extraction, purifica-
tion and identification of gulcoraphanin from broccoli
seeds[J]. Food Science, 2013, 34(5). 124-126.
FWA, N, BREH. B MR RV 7
mn 5 R BT, 2003, 29(2): 76-80.

WANG D J, YUAN Q P, QIAN Z M. The new
advances in sulforaphen|[]J].
Industries, 2003, 29(2). 76-80.

TRURLE, SPREEY, mT, . R SR 2 AL R T
2RI AR B 19 HPLC 23 T [J]. 7 7R 25 2% Be 2 4l
2007, 23(5): 506-508.

ZHANG C J, GUO X L, MENG Q. HPLC analysis

of sulforaphane in different kinds of broccoli seeds

Food and Fermentation

[J]. Journal of Guangdong College of Pharmacy,
2007, 23(5): 506-508.

WAEN, AOURE, TAR. VE LR o G A
PR R R A AR 405 B0 R MR A I 58 BT 5]
o s A, 2008, 8(5): 15-21.

SHEN L Q, SU G Y, WANG K W. Studies on
purification and antitumor in vitro experiment of sul-
foraphane enzymolyzed from glucosinolate in broccoli
seed[J]. Journal of Chinese Institute of Food Science
and Technology, 2008, 8(5): 15-21.

BEERMANN C, GREEN A, MOBIUS M, et al
Lipid class separation by HPLC combined with GC
FA analysis: Comparison of seed lipid compositions
from different Brassica napus L. varieties[J]. Journal
of the American Oil Chemists Society, 2003, 80
(8): 747-53.

BUCHGRABER M, ULLBERTH F, EMONS H, et
al. Triacylglycerol profiling by using chromatographic
techniques|J]. European Journal of Lipid Science and
Technology, 2004, 106(9): 621-648.

B, KRB, BWREE, S AR TP MR
WA TR ¥ 54 L, 2014, 31
(12): 48-50.

LIN Y, ZHANG J J, LI X L, et al. Study on ex-
traction process of sulforaphane from broccoli seeds
[J]. Chemistry & Bioengineering, 2014, 31 (12):
48-50.

WEST L, TSUI I, BALCH B, et al. Determination
and health implication of the erucic acid content of
broccoli  florets, and seeds[J]. Journal of
Food Science, 2002, 67(7): 2641-2643.

BCH, A, WRIER, . TU 2 AERIRE G A CO,

=

sprouts,

[13]

[14]

[15]

[16]

[17]

[18]

[19]

AT TR Wi B 20 043 BT )). P Rl 2018,
43(12): 1-4, 17.

HUANG Y Z, LI J, TAN M L, et al. Supercritical
CO, extraction of broccoli seed oil and its fatty acid
composition[J]. China Oils and Fats, 2018, 43(12):
1-4, 17.

YOSHINAGA K, SASAKI K, WATANABE H, et
al. Differential effects of triacylglycerol positional i-
somers containing n-3 series highly unsaturated fatty
lipid metabolism in C57BL/6] mice []].
Journal of Nutritional Biochemistry, 2015, 26 (1):
57-63.

WAN J C, HU S Y, NI K F, et al. Characterisa-

tion of fecal soap fatty acids,

acids on

calcium contents,
bacterial community and short —chain fatty acids in
sprague dawley rats fed with different sn—2 palmitic
triacylglycerols diets|J]. Plos One, 2016, 11(10).
YANG P Y, ZHANG H, WAN J C, et al. Dietary
sn—2 palmitic triacylglycerols reduced faecal lipids,
calcium contents and altered lipid metabolism in
Sprague—Dawley rats[J]. International Journal of Food
Science and Nutrition, 2019, 70(4). 474-483.
GUO Y L, CAI Z X, XIE Y P, et al. Synthesis,
physicochemical properties, and health aspects of
structured lipids: A review[J]. Comprehensive Re-
views in Food Science and Food Safety, 2020, 19
(2): 759-800.

ZHOU Q, GAO B Y, ZHANG X, et al. Chemical
profiling of triacylglycerols and diacylglycerols in

cow milk fat by ultra —performance convergence
chromatography combined with a quadrupole time —
of—flight mass spectrometry|J]. Food Chemistry, 2014,
143 199-204.

GAO B Y, LUO Y H, LU W Y, et al. Triacyl-
glycerol compositions of sunflower, corn and soybean
oils examined with supercritical CO, ultra —perfor-
mance convergence chromatography combined with
quadrupole time—of—flight mass spectrometry[J]. Food
Chemistry, 2017, 218: 569-574.

LUO Y H, ZHANG Y Q, YUAN F H, et al. Tria-
cylglycerols composition analysis of olive oils by ul-
tra—performance convergence chromatography com-
bined with quadrupole time—of—flight mass spectrom-
etry[J]. International Journal of Food Science and

Technology, 2019, 54(3). 871-879.



5522 % 452 1 G 2 30 Ar T o P h = B e S B2 4L R 4T 327

Triacylglycerols and Fatty Acid Compositions Analyses of Broccoli Seed Oil

Yuan Fanghao', Li Yanfang', Gao Boyan", Fang Yu?, Zhang Yaqiong', Yu Liangli*
("Department of Food Science & Engineering, Shanghai Jiao Tong University, Shanghai 200240
’HuangShan Guanghe Ecoagriculture Development Co. Ltd., Huangshan 245211, Anhui
*Department of Nutrition and Food Science, University of Maryland, City of College Park 20742, USA)

Abstract Triacylglycerols (TAGs) and free fatty acids compositions of broccoli seed oil were analyzed using ultra—perfor-
mance convergence chromatography (UPC?) combined with quadrupole time—of—flight mass spectrometry (Q-TOF MS) and
gas chromatography (GC) combined with mass spectrometry (MS). A total of 43 different TAGs were characterized based
on their Q-TOF MS accurate molecular weight and MS? fragment ion profiles in the broccoli seed oil. There were 13
pairs of isomers in 43 TAGs. ELE, ELnE and GLnE were the three major TAGs. Among all TAGs, 15 TAGs contained
erucin, contributing about 77.99% of the total TAGs. For the fatty acid compositions, erucic acid was the greatest fatty
acid in broccoli seed oil, followed by oleic acid and linoleic acid. The chemical compositions of TAGs and fatty acids
could promote the understanding about the chemical profiles of broccoli seed oil, thus improve the potential availabilities
of developing function foods with broccoli seed oil in the future.

Keywords broccoli seed oil; triacylglycerol composition; fatty acid composition; ultra—performance convergence chro-

matography (UPC?); quadrupole time—of—flight mass spectrometry (Q-TOF MS)



