SRR LR R A 40 B A 2 B HR AR AT 2R AL
VY Y S RUEIN

Changes in cellular physiological activity and secondary metabolites during formation of heartwood in Acacia

auriculiformis

Deng Yuntao, Wei Penglian, Fu Yunlin

AR

Az s, FiMa2h, FFRIAR. SEACHRELC AT 1 240 0 A BRI 1 SR A A AR K ). B iMool R4, 2025, 47(5):166-
176. doi: 10.12171/5.1000-1522.20240361

Deng Yuntao, Wei Penglian, Fu Yunlin. Changes in cellular physiological activity and secondary metabolites during formation of
heartwood in Acacia auriculiformis[]J]. Journal of Beijing Forestry University, 2025, 47(5):166-176. doi: 10.12171/7.1000—
1522.20240361

TEZR R View online: https:/doi.org/10.12171/5.1000-1522.20240361

LT ARG I H A SO B

Articles you may be interested in

UPLC-MS/MSNFE R ZH A AR 1) 5
Determination of plant hormones in plant tissues by UPLC-MS/MS
el K2z2741k, 2019, 41(8): 154-160.  https://doi.org/10.13332/5.1000-1522.20190052

WAF A BEALEE SO LR A BIF 5t
A review of physiological function of sapwood and formation mechanism of heartwood

JeEtAll K 242447, 2018, 40(1): 120-129.  https://doi.org/10.13332/5.1000-1522.20170295
RSO R Sl Sl oo

Purification and composition of heartwood pigment of Pterocarpus macrocarpus

JEsTMRlL K 252447, 2020, 42(10): 126-136.  https://doi.org/10.12171/1.1000-1522.20200225
B LB O (3 o QR AR AR B e (0 T 25 35 AL

Dyeing process and mechanism of eucalyptus veneer with Dalbergia bariensis heartwood pigment as dye

JeETARL R 242447, 2020, 42(3): 151-159.  hitps://doi.org/10.12171/7.1000-1522.20190270
3PPV A A 06T SR R 11 A% O P ST

Insecticidal activity analysis of three plant secondary metabolites on Lymantria dispar

JEmTARL K 2E244], 2017, 39(11): 75-81.  https:/doi.org/10.13332/1.1000-1522.20170214
ANV R X T R A AN R A A R R R A 2

Effects of shading and season on growth and accumulation of major secondary metabolites in Cyclocarya paliurus

JeETAL KA 47, 2017, 39(9): 66-75.  https://doi.org/10.13332/5.1000-1522.20170144


http://j.bjfu.edu.cn/
http://j.bjfu.edu.cn/
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20240361
http://j.bjfu.edu.cn/article/doi/10.13332/j.1000-1522.20190052
http://j.bjfu.edu.cn/article/doi/10.13332/j.1000-1522.20170295
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20200225
http://j.bjfu.edu.cn/article/doi/10.12171/j.1000-1522.20190270
http://j.bjfu.edu.cn/article/doi/10.13332/j.1000-1522.20170214
http://j.bjfu.edu.cn/article/doi/10.13332/j.1000-1522.20170144

BATHEE S I = # I x 2 2 K Vol. 47, No. 5
202545 H JOURNAL OF BEIJING FORESTRY UNIVERSITY May, 2025

DOI:10.12171/3.1000—-1522.20240361

EARBEORR A EEFERE
XREREIEN

W=k FB%E AFEK

(PR EEAR2EBE, 170 BT 5300000

FHE: (BB L BAAN LB Oob B 022 BIARSORUBIURS B SE 0 11 58 o AR S Csdi ZE AT, T 0O T B L), A B T 527
O RIR B SRTT, 247 5% T FRACHT S Cob T B S S 2L FRANAL 2 WURIATS AN T o ASTIT 9 5 AR IR FE FRACHE SO M T
B A BRI 2R, IR A BRI O 1R . (3 DSl ik B s, AT SO R A SUL 2 G ik, Mg BAAH B
AR 5 S AN [ 948 oz 77 B 40 D o A0 A% L Y R R RO SRR ) T S S B AR A . RIS, R R e OBURE € i IR A
(UPLC-MS/MS) % 3¢ 0o« I B AU AR B M B ST > S0 A FAL AL AR AE . B I X B 505, RGRA BAKH B0
T8 1 B0 A BRI 2 i, $975 HAE O R A B e AR AL o (55 5R 1E AIUAE B0t i I A2 v, 200 A B0 12 T
by KR AR AN, TS MNKARTE AN AT, FFAESS 3 LKA S o VMR RIIE BN 5 S 70 A £ 56 2 70 BE 41 i Jo) Fl 4
) W EE LN M, B B D, IRATESS 3 AR R B 4 AR KECANMUZ LA G R TR AR BT, Ve L LT 2%, HE
b DX A Ay P X P ) o X AR AR s e 1O b A T R A P A R R S IR TR R . FEAL S T T, RROARAE RO
M) P (45.80 mg/g) FLE B AR (16.13 me/e) & i B3 m T8 (e )y 3.25 me/g, S 3% 0.50 mg/g). FH UPLC-MS/MS,
%558 tH BAAH LI SR IR T i 21 PRI ERST, R SRS YRR, B2, R AMRIEIE E AR, Horh, AU
BeER . W TEER 3- AR BE RS BN WX & B E. (R IAT MR 7 BAA BTSN
W7 TR AR A R, AR T R BTG S A SRR A S BEE  o IX B B AR SO A T B B AR A AR it 1
L IRIRARAL, 0 AR R e R F SR A T VRN B AR AR

BRI RARHE O R, A BEMEAR AL SRR s A2 A G UPLC-MS/MSS

FES2S: S781.41;8792.99  ICEMARERS: A XEHRS: 1000-1522(2025)05-0166-11

SISTAE: XB= W, FMEL, FFpk. BBORHE BLCoM T8 B 40 i A B0 1 R F Uk AR AR AR A O] db st poll K 52 240,
2025, 47(5): 166—-176. Deng Yuntao, Wei Penglian, Fu Yunlin. Changes in cellular physiological activity and secondary
metabolites during formation of heartwood in Acacia auriculiformis[J]. Journal of Beijing Forestry University, 2025, 47(5):

166—176.

Changes in cellular physiological activity and secondary metabolites during

formation of heartwood in Acacia auriculiformis

Deng Yuntao Wei Penglian Fu Yunlin
(College of Forestry, Guangxi University, Nanning 530000, Guangxi, China)

Abstract: [Objective] The heartwood of Acacia auriculiformis features beautiful wood grain and unique
patterns. As a fast-growing tree species, understanding the formation mechanism of its heartwood can
enhance its utilization value. However, the key physiological and chemical mechanisms of heartwood

formation in A. auriculiformis remain unclear. This study aims to explore the physiological and chemical
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basis of heartwood formation in A. auriculiformis to gain a deeper understanding of this process.
[Method] To achieve the above objectives, this study used histological staining to observe changes in
morphology and quantity of nuclei, starch grains, and reducing sugars in parenchyma cells in different parts
of xylem of A. auriculiformis. Additionally, UPLC-MS/MS was employed to identify the components of
extracts from heartwood, transition wood, and sapwood, and to analyze their chemical characteristics. These
methods were used to systematically investigate the physiological and chemical basis of heartwood
formation and reveal key changes during the process. [Result] During the transition from sapwood to
heartwood, the number of nuclei gradually decreased, their length-to-width ratio decreased, and their shape
changed from elongated to round, completely disappearing in the third growth ring. Starch grains and
reducing sugars were mainly distributed in axial parenchyma cells surrounding ray parenchyma cells, with
their quantities gradually decreasing and disappearing in the third growth ring. In the fourth growth ring,
nuclei changed from oval to round, and starch grains almost disappeared, suggesting this area was the inner
side of transition zone. These changes reflected the gradual adjustment of physiological activities within
cells during heartwood formation. Chemically, the total phenol (45.80 mg/g) and total flavonoid
(16.13 mg/g) contents in 4. auriculiformis heartwood were significantly higher than those in sapwood (total
phenol 3.25 mg/g, total flavonoid 0.50 mg/g). Using UPLC-MS/MS, 21 phenolic compounds were identified
in heartwood and sapwood extracts of A. auriculiformis, including flavonoids, phenolic acids, tannins,
stilbenes, and coumarins. Among these, compounds such as dihydroquercetin, eriodictyol, umbelliferone,
and 3-methoxy luteolin had relatively high contents. [Conclusion] This study reveals the changing patterns
in physiological activity and metabolites in 4. auriculiformis, clarifying the key parts of its xylem chemical
composition. These findings provide important theoretical foundations for heartwood formation and color
changes in A. auriculiformis, and offer deeper scientific evidence for its efficient utilization.

Key words: Acacia melanoxylon; heartwood formation process; physiological activity changes; extract

components; chemical composition; UPLC-MS/MS

A M & (Acacia melanoxylon) )@ T & F}
(Leguminosae) % & ¥ J& (Acacia) & LT K, Ji 7=+
BORHFNE, T 20 4l 90 ARG AFREN. EAME
(ROt S I HH R P G 6 € 38 TR AR 0, LB R
LI 5580, RGOS B A AR B SOIR B A
MR SRR Z2AR 55 S 0 B 58, 1 AR o 2
PR Tl B MR R R, D AE A 5 R B G T
BB SR 4 4 SR AT B s R A . o pF T
91 R ELTR s PR, BF 9 0o B4 T B B 5 A R0
PO, X T4 m AR it 5 AR ) SR A &
BLE S WA SRR R R ) BRI —.

VAR, 8T A0 T B B T IR W R o
oM BT RS e A A, A o 350 7 B 24 i 1) 2 7
PEFE TSRS AE DB T, T v B 4 0% ) 1) AR Ak
BLW I Y0 A% Cngm B A% 2ok 44 A i 5k A2 5T (e
Kk JE PO AL RAR IR . B4 : Song S5 FiAZ
K (Cunninghamia lanceolata) ¥ %2 41 g /< B, 4 B #%
T AR EN Y 12 B I U XOZ T 0 s Gartner 551
it FACTERA (Pseudotsuga menziesii) ¥} 2% 7 BE 21 i
L, g0 AR R R AR B T TR A B0 2 AR
. BeAh, ERRLE IR AAREIY) A R E )

J5t LA B 2 T R A F RE ARSI VR, HL R AR
At A A AR 1 — A B R AENY. AR, R
A I TR B O T o A o B 20 i A2 ) 5T 3 i A
fili A7 8 SR L7 T A % AR Y, JF HAE 4H At
ToHT 2 & R AL A A5 LA P B, (X TR L
KA R BRI T — R, MRS
BT BE" e PR, RN FE O A AL A S5 S T B
0 P A AR AL S AR AR AL Z IR R 2R, X T
VIR e piAn % IN B S O8

FE B B AT FE 75 T, H Al 32 B AR R
PR WY BENE AL B 587 0 128 T HoL M
J% 53 53 M B RE FEAR X 82D o S, Zhang SEPIHEFE
K, FBACH BN ILAE B A, TR e B>, Ty
RACEY SR B &) & BBEIE . 255N
We 5 R B AR AU S A & G RE A S B DL
Xk LAY, 23 T XA A I R
%, B LXK ERR, JFH 2P 10 Fhi
RN 3 R AU A B9 o SR T, T T AL A
B A5 B AL ATAC U™ W ) 20 A S T 9 AR A S L
W) £ R AT S o« XKL RAE AW R
A BB T BRI 73 TR P S it 1 B R, (HAE



168 b mw # kK % R

47 %

OO TR B ) S A R A 2 ML 7 T AT AR S

ST IR TR AR LR 1 R B, ASHIE 5T DL SR
AR RN G, LR FH 2 Ak 2 e €070 0 82 A J 3
AN R A T 4 L A B R Ve I8 JEURE BT A
AR AR A, ) v SO T 1 B A
(UPLC-MS/MS) % 58 0 M« i JE M 144 32 B 1)
By o I X T By, B IR AR TR AR O A
T8 R A2 BRI 25 B Rl S O T AL 1) B O 4
PR A0 B A RS AT, AT 4HE 30 BE A AR SR AE AR
A PR A A T T AT e 28R

1 AR O

1.1 # #

2024 6 H, T PH % A6 X BARAT ST R
WRET 3R 6 FABAME ., Frie A £ K %
PR AR —3%, HICEH BakBf . W& 0 16.68.
15.91. 16.22 m, f 424 5124 17.295 17.05. 16.38 cm.
TERAE R A, MR HEAT T R AL B bR . B
AR5 NIRRT 4 T PR D)8 PR N 4 em (1[5
B BEJS, W pE AL m) ik BE Ok [ BB i 2k . o
—ERATFE S BBON FAA [, FF A5
BRI AR BRVE PR AR A s 53— 040 S U AE IR T
15, AT R8I o o i
1.2 HARAX
12,1 SHT it A2 P A da o 2 22 K ALY BARILES

W AR AR S E T FAA B € WH R 48 h
DA b, B G A K AR A 3 R 6 /NBECIE 1) il
WEV R WEIERDII Y A, VIR JEREA 16 pme X
IR AT LR AR BE: 155, A A AL B0 (T,-TKO %
8 10 min, 2R J5 K K& L 30%- 50%- 70%-~ 90%-
100% FIPAR 66 FE i 7K, BF R Bi7K 1 mins #65 & T
TO iZ B35 3 min, 58838 . &5, FIH G R
B W B VE R R BB R O, HFIEE 3 MK
200 pum, /9 100 wm F Flr [ 3 BE 480 i X 38, ) A
Image-J FAFXT e A KL AR AT Se it o AR gk
17 3 WA ES, BOLFIE.

B, ff HBEER VR4 Je 5 15 min, fKIRE IS
30%- 50%- 70%- 90%- 100% 11 Bh FE Bt K, 2%
Jii7K 4 min; BT TO EHFIH 3 min, 583 . F
FH O 27 S R U 5 A Bl A 1) TR 25 A2 AR 01

1 BRI RE
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Fig. 2 Pictures of staining effect of starch granules in parenchyma cells of different parts of Acacia melanoxylon
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Tab. 1

Identification of phenolics in methanolic extract of Acacia melanoxylon by UPLC-MS/MS

%5 No. B0 REAIN [E/min 220 BRFR SOllSFi

I [M+H]" 9763  CyHpOs 28507596 285.076 05
2 [M+H] 8506  C;sH;00; 303.05029 303.050 35
3 [M+H] 8639  Ci5H;Os 287.05533 287.05539
4 [M+H] 8635  CisHpOs 27307605 273.076 14
5 [M+H 9419  C;sHOs 271.06027 271.060 42
6 [M-HI 6676  C;sH;,0; 303.05109 303.05100
7 [M-H] 9604  CysH,Os 273.07681 273.076 81
8 [M+H]" 12353  C;sHpuO, 23516948 235.169 53
9 [M+H] 9799  C;H,Of 31508670 31508649
10 [M+H]" 8767  CiH,,0; 317.06604 317.066 19
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