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Abstract To identify the distribution and composition of anthocyanins in kale, the distribution of anthocyanins in stems
and leaves in purple and white-leaved kale was observed under light microscope by hand sectioning. and the content of
anthocyanins in leaves of purple-leaved kale was determined. The components of anthocyanins in leaves were analyzed
by HPLC-MS. The results showed: That anthocyanins of purple leaf kale were mainly distributed in mesophyll cells
adjacent to leaf epidermis cells, and mostly in mesophyll cells adjacent to lower epidermis. In stem, anthocyanins were
concentrated in epidermis cells and parenchyma cells underneath epidermis. The closer the whole stem was to the
upper part, the less the distribution of anthocyanins was. Anthocyanins were not observed in the inner, outer leaves
and stems of kale, but chlorophyll layers were detected at the same location. After growing at 10 C , the anthocyanin

content in leaves (inner and outer) was significantly higher than that at 20 ‘C . Nine anthocyanin glycosides were

Wk H 3. 2019-09-05

WAHWH . HEAARIESES (31401908) ; BIp LA B AR 54 (C2016056) 5 M Jp V145 ¥ 38 = 55 4 M A B A A 3 9%
TR CUNPYSCT-2017155) 5 R IE VLA 4 J& & 45 22 A AR IR 55 2% (135209313) 5 55 55 M ZR K5 K4 2R BT Gl
T H (201910232346,21910232118,202010232104,202010232197,202010232801)

TEF . EES A ZBER, TENFFE 2P 8L 55> 77 FE5E, E-mail: wangyushu@qghru. edu. en



46 bR R R R

2020 4 55 25 &

identified from purple kale, they were cyanidin-3-glucoside-5-glucoside, cyanidin 3-sophoroside-5-glucoside, cyanidin

3-sophoroside (coumaryl)-5-glucoside, cyanidin 3-sophoroside ( caffeoyl)-5-malonylglucoside, cyanidin 3-sophoroside

( feruloyl )-5-glucoside, cyanidina-3-sophoroside ( oxalate-p-hydroxybenzoyl )-5-glucoside cyanidin  3-sophoroside

(coumaryl-5-glucoside, delphinidin 3-glucoside, and delphinidin 3-glucoside(caffeoyl)-5-glucoside. In conclusion, the

purple kale is highly rich in acylated and glycosylated anthocyanidins, it is a new kind of anthocyanin application product

resources worth developing.

Keywords kale; anthocyanin; section; HPLC-MS; content; composition
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The upper stem of ‘D07’
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The lower stem of ‘D07’
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Fig.3 Transverse section of stem in ‘D07’ and ‘D06’
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Table 1 Composition of anthocyanins in purple leaf kale identified by HPLC-MS analysis
PR B8 I [E] / — 9T AT L T L
%3 min First order Secondary AL 4 Y el
Peak Retention mass-to- mass-to- Identification of anthocyanins
time charge ratio charge ratio

1 3.62 773 287 9 7 B -3- MW -5- R R
611 Cya-3-sop-5-glu
449

2 5.62 919 287 O e 3 -3 O 7 SR - 5- A M
449 Cya-3-sop(pCo)-5-glu
757

3 5. 62 935 287 R 73 - 3- M O 18D -5 W
449 Cya-3-sop(Ca)-5-glu

4 5.62 949 287 R 435 F -3 MU (T BE ) -5- A 41
449 Cya-3-sop(Fe)-5-glu
787

5 5. 62 965 287 O 3 33K M B 1R T - ) 5 5 2 R R -5 1 W
449 Cya-3-sop(Ox-pH)-5-glu

6 7.00 465 303 QA3 T

Del-3-glu

7 7.44 627 303 TR B F - 37 2 A (o I ) - 57 4 1
465 Del-3-glu(Ca)-5-glu

8 7.85 773 287 R B 4 - 3-S5 A
449 Cya-3-sop-5-glu
611

9 7.85 935 287 2K 47 - 3-WURE (ol e R ) -5- 2 B
449 Cya-3-sop(Ca)-5-glu

10 7.85 965 287 R B4 3 -3 TR T - % 32 R 2% FH T ) - STl
449 Cya-3-sop(Ox-pH)-5-glu

11 8. 82 773 287 KB -3- R ME-S- TR
449 Cya-3-sop-5-glu
611

12 8. 82 935 287 R 2545 -3 MU Qo e ) -5
449 Cya-3-sop(Ca)-5-glu

13 8.82 965 287 R L3 F -3 MM (B TR Tk ] 5% ik 2K HY Bk ) -5 A 1
449 Cya-3-sop(Ox-pH)-5-glu

14 9. 64 773 287 R 45 - 3- M A5 B
449 Cya-3-sop-5-glu

611
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x 18
PR BR i ]/ — &% T Ay He TR T H
I min First order Secondary 1k & 4y #E
Peak Retention mass-to- mass-to- Identification of anthocyanins
time charge ratio charge ratio

15 9. 64 919 287 KB 3R O & S B -5-F B A
449 Cya-3-sop(pCo)-5-glu
757

16 9. 64 949 287 R TR A F -3 (B ARG - 5] B 7T
449 Cya-3-sop(Fe)-5-glu
787

17 10. 47 611 287 I e 3 2R - 3- 7 A M- 5- M
449 Cya-3-glu-5-glu

18 10. 47 965 287 R 2R3 R -3-AIL M R R - %o 3 2R HH ) - 5 B
449 Cya-3-sop(Ox-pH)-5-glu

19 11.66 773 287 O Z B - 3- M B -5
449 Cya-3-sop-5-glu
611

20 11. 66 919 287 K5 2 -3- MR O B SR -5- 1 b 4
449 Cya-3-sop(pCo)-5-glu
757

21 11.66 949 287 R B4 F-3- M (B Bk -5 1 bl
449 Cya-3-sop(Fe)-5-glu
787

22 12. 65 611 287 O 25 3 2 -3 7 Bl -5 BT
449 Cya-3-glu-5-glu

23 12. 65 949 287 K 47 3 3-WURE (T BRLBE ) -5- A B
449 Cya-3-sop(Fe)-5-glu
787

24 12. 88 919 287 R 735 -3 o A 9 ) -5 A
449 Cya-3-sop(pCo)-5-glu
757

25 12.88 949 287 R 5 F-3- M (B R IE ) -5 1 b
449 Cya-3-sop(Fe)-5-glu
787

26 13. 40 919 287 KA R -3-HUE O B K BE) -5- T B
449 Cya-3-sop(pCo)-5-glu
787

27 13. 40 611 287 I I 3 3R - 3- 7 2 WS- B
449 Cya-3-glu-5-glu




%11 TR PR EAET E0 2 A2 5 sl e 51
18D
1 B By / — &% T Ay He TR T H
It min First order Secondary A5 P e
Peak Retention mass-to- mass-to- Identification of anthocyanins
time charge ratio charge ratio

28 13.93 919 287 KB 3R O & S B -5-F B A
449 Cya-3-sop(pCo)-5-glu
757

29 13.93 949 287 IR 754 -3 (BT B I ) - 5 #
449 Cya-3-sop(Fe)-5-glu
787

30 14. 35 611 287 2R 25 3 FR - 37 e WS- b
449 Cya-3-glu-5-glu

31 14. 67 965 287 IR ZE 48 3R -3 ML R R M- o) 30 5 R FE G -5 M
449 Cya-3-sop(Ox-pH)-5-glu

32 14. 85 965 287 R 5 2 -3- M R I %o 28 35k 2K Y 96 ) -5 B
449 Cya-3-sop(Ox-pH)-5-glu

33 16.12 919 287 IR ZE 48 3R -3 M O B ) - 58
449 Cya-3-sop(pCo)-5-gly
757

34 16. 81 965 287 R 45 -3 ML ME CRUR k- 0 6 28 W R -5- T B 4T
449 Cya-3-sop(Ox-pH)-5-glu

35 17.09 949 287 R AEF 3R (BT R BE) - S5-I B 1
449 Cya-3-sop(Fe)-5-glu
787

36 18.07 979 287 R AAG R -3-ME GF FBE)-5-Hi bl 11
449 Cya-3-sop(Si)-5-glu
817

37 18.25 611 287 R 7R3 #-3-1 W5 M A
449 Cya-3-glu-5-glu

38 18.58 979 287 R4 -3 WURE GF F I -5 v
449 Cya-3-sop(Si)-5-glu
817

T 2~4 JEUiBELN M . AN [E AFRL T AR TR 1Y o A 25
AIRE 5B R WA LSRGz O A G,

KRR Y AL B E ORI R 26 Ok B
%2 8 0 K 45 3R /N 3 3% (Brassica rapa L. ssp.
chinensis) FELA 20 P /e BT R 948 2 ok,
AR 75 48 3 -3- KB (P ) -5- BT o A1 il O 38 2R
FHE) i1 Ok 4 2 22325 A Bl (O I Ak 0% o e 76 ) -5

I E R F2 5 7E R B AE B 32 (Brassica oleracea
L. var. botrytis) W 2% 5@ W DLR 42 45 R -3-M i O
A L) -5 A A M Ry LAY 2 10 FRAET EY
247 ¥ (Brassica juncea var. tumida Tsen et
Lee) LT R LK 4 48 2 -3- 10 O 1 I AL B 24
Pk -5 45 M (P9 ) AN R 4 48 231 M (BT 81
T ) -5~ 4 A Bl (Y k) 2 AP AL & R £ 5 Zha
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