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Abstract: In this study, the Beijing chrysanthemum was the research object. Different particle-sized chrysanthemum
micro-powders were fabricated via ultrafine grinding and sieving, and their physicochemical properties, nutritional components, and
antioxidant activities were compared. The results indicated that the average particle sizes of the four particle-sized chrysanthemum
micro-powders were 104.37, 74.84, 50.92, and 55.73 um, respectively. With the decrease in particle size, the degree of fragmentation
augmented, the powder distribution of M80~M300 became more homogeneous, and the absolute value of Zeta potential declined.
Nevertheless, when the particle size was M400, the chrysanthemum micro-powder presented an agglomeration phenomenon. A new
functional group emerged at the wave number of 2 364.5 cm™. Compared to M80, the difference in swelling potential and water-holding
capacities between M300 and M200 is not significant, with an increase of 1.00 g/g and 0.83 g/g respectively, and the solubility and
oil-holding capacities of M400 were the greatest, at 36.17% and 1.55 g/g, respectively. The content of soluble proteins, polysaccharide,
total flavonoid, total phenol, characteristic monophenol, amino acids, and antioxidant activity all increase with decreasing particle size.
The total phenolic and cynaroside contents of M300 increased by 0.38 g/100 g and 0.14 g/100 g respectively compared to M400
(P>0.05); The total flavonoid content and DPPH free radical scavenging rate of M300 were significantly increased by 2.41 g/100 g and
3.6% compared to M400 (P<0.05); The polysaccharide content and essential amino acid ratio of M400 were dramatically increased by
2.88 9/100 g and 1.47% compared to M300 (P<0.05). The results suggested that ultrafine grinding significantly improved the structure,
nutrient release, and functional properties of the chrysanthemum powders, and M300 could be suitable for further processing and
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utilization with better comprehensive performance.

Key words: beijing chrysanthemum; ultrafine grinding; physicochemical properties; nutritional components; antioxidant activities
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Fig.1 Chrysanthemum powder with different particle sizes
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Fig.2 FTIR spectra of chrysanthemum micro-powder with different particle sizes
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Table 2 Peak positions and vibration sites of various functional groups in chrysanthemum micro-powder
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Fig.3 SEM images of chrysanthemum micro-powder with different particle sizes
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Fig.4 Hydration characteristics of chrysanthemum micro-powders with different particle sizes
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Table 3 Content of active ingredients in different particle sizes of chrysanthemum micro-powders

TR Bk R 849 A IM

BRE RS
80 200 300 400
TiEkEE (g/1009) 1.3140.03° 1.5740.12" 1.7040.05% 1.8420.19°
% 4% (g/1009) 58.8141.03" 59.8440.67%® 58.2541.07° 61.1341.24°
%8 (g/100g) 9.9640.16" 11.8740.30° 11.7940.51° 9.3840.35"
¥B (g/100g) 3.6540.52° 4.7740.11° 5.0520.37° 4.6740.22°
%R (g/100g) 2.5440.24P 2.8540,08° 2.7440.14° 2.8840.04°

AEBEHEHF (g/100g) 0.2240.03° 0.3340.01° 0.3340.03° 0.2940.02%
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F4% BB A (g/100g) 4.3241.19° 7.3440.26 7.3740.83? 7.580.64%

Asn 0.7040.09° 0.8840.13* 1.0040.02? 1.0540.01°

Glu 1.0240.14° 1.2640.14% 1.4440.03? 1.4240.01°

His 1.0840.06° 0.9440.17" 1.1740.16%° 1.4540.05?

Ser 1.9040.35° 2.1440.40° 2.5640.12% 2.9640.09%

Arg 0.1540.02% 0.1640.02* 0.1240.01° 0.1340.00%

Gly 0.0940.00% 0.0940.04 0.0940.04% 0.1540.02

Thr* 2.4340.44" 2.7140.55" 2.9340.31° 4.1240.06%

Pro 0.1440.02° 0.1740.01® 0.19490.00°% 0.19490.00°%

Ala 7.5541.29° 8.6140.65" 9.060.86" 11.1840.03%

" Val* 0.0940.01% 0.0840.03? 0.0940.02 0.1246.00%
-8

( ) Met* 0.0740.00° 0.1240.03% 0.0740.01° 0.0940.00%®

mg/g

Cys 0.6540.09° 0.7740.07® 0.7940.06% 0.9040.01°

lle* 0.5540.12% 0.6840.13? 0.6140.25% 0.750.02

Leu* 0.3940.09% 0.4940.10% 0.4640.12 0.5640.01

Phe* 0.7140.16% 0.8540.16% 0.7749.25% 0.9340.03?

Lys* 0.1340.02° 0.1640.01° 0.3240.10°% 0.1240.01°

Tyr 0.0140.00° 0.1540.10% 0.2940.22° 0.2540.12°

EAA 4.3740.84% 5.09+1.00% 5.2441 05 6.6840.14%

NEAA 13.2842.07° 15.184.71° 16.71+1.52% 19.6840.35%

TAA 17.6542.91° 20.27482.72° 21.9542 57% 26.3640.49°

EAA/TAA(%) 24.7640.29° 25.11490.37° 23.8740.41¢ 25.3440.29°

EAA/NEAA(%) 75.2440.41° 74.8940.58° 76.1340.69° 74.6640.40°

E: FATARR DB FHERTEFREE (P<0.05) ; & ZEBA*KF.
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Fig.5 Antioxidant activities of chrysanthemum micro-powders with different particle sizes
Z: (A)DPPH A WAk 7 %, (B)ABTS A dwAkFMRF; (C)FRAPER ). FATAR B FHR T £7 L3 (P<0.05).
KH] DPPH &%, ABTS [ HHIE M 2RI FRAP I J5 71 = Fh 7 5k WM 35 161508 1B U A 034,
WA 5 Fros, HBRLREy M300 I, DPPH H HZEERRZE. ABTS H HIZEIE R FM FRAP &R Jyt s, 73l
N 71.90%. 86.00%#F1 13.37. AR 4Bk N M4A00 i), DPPH [ HidkiE % B & &K (P<0.05) , ABTS
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I LT BR R A FRAP 856 B35 . A3 R B, (L B Ok L 7E 0.08~2 mm (200~10 H)
i, Bl BRI R N RS . IR ERIR N Lmm (18 HD B, DPPH &R, ABTS H HZLiE A
¥ H HIEERRRRR, 2 95.22%. 99.60%F1 46.38%, 4hifEAy 0.08 I, PUAMIETERERK. KL,
SRSV AN 06k N N Gl K = R

2.7 A B BUR R A AL A0 8 BACME T 5 A 0T (B9 AR K 1 AT

Kl 6 T T AT B PR IR B FRIE VR R S P T 1 TR A S . T DU H A ARk ) @ 5 D50
SERFEFAM, 5 Span 2IEME, HAREE. ¢ 5aE. F4FER A, fEEEA. BEER. FLHERE
2. DPPH HHEIERZE. ABTS A HFEERF L FRAP I8JE 1 £ 5 & IEAHIE (P<0.01) , HABEL.
DHRAEBRSRELELFHEMR (P<0.05) , S4EBRASERSRELEIEMR, EAEE (P>0.05 . 4RE
BB ORI BSOS FRIE TR S BN, PrETE T . Ak, VARG JER. S ASIE
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Fig.6 Correlation of physicochemical properties and antioxidant activity of chrysanthemum micro-powder with different particle

sizes
E: *RTEREF (P<0.05) ; R TEFMEF (P<0.01) .

3 4Hig

AL R RE X5 3G Aok IR BRAR R M L 8 IR R IR SR T S8 A VR e A B B . #E M80~MI300 Y Il P 1045
ARSIy b R RUEE (RN, R A 73 A ka8 ), (HRIORE RUBE S MA400 I, S AETckn B BRI R . M300 F i
KRR K 75 M200 22 A3, (HEE 5T M400; MA0O FRIVAMRIE MIE M ik @A T8
TV R IR, M300~M400 [ rl i bE R . 8. B, S, BHERm . SIS B A E sy
35T M80 1 M200, {H M300 b M400 F I H B4 Bl . Sy, AR BV H A0 DPPH H H &
Frse, PRIUIE B A OR R BE A R T 5 IR R BRI, o/, RS 5 A5, e ma 45 FE ok i Ik B 1R e
T 5Ihaeret:. 2658, M%O%%%ﬁ%ﬁﬁﬁﬁﬁﬁ%ﬁ%%@&ﬁﬂ%é@,Tﬁﬁéfmﬁm\
PR SRt i 5 JE R, BT 2 R AT 5

g AR

[1]  JEEEME, 25 AR o AR, 55 Dh e PR 5 78 B0 R 23 28 T i T R AF 93t R [J]. 4 [ SR, 2024,44(4):54-57.
[2] ZEies S . - E & F A 1E T 7o R BUIR [J]. 4R 2+ 244k ,2013,3(2):54-56+78.

[3]  HVER L DTG ZE b B 25 T ¥ 7 [D]. A B 2 ufoll K3, 2012,

[4] SR, 2= R R ok Wt 5 A0 77 AN T 0 o (5 [J]. T AL AR T 27 B 241, 2015,29(1):18-22.
[5] XIS AFZEER R IEAR Z MR 80 R 2 3 F L et 72 [D]. BU B i AL Hh R 25K 2%,2020.



MK EEBHE Modern Food Science and Technology 2025, Vol.41, No.10

(6]

[7]

(8]

(9]

[10]
[11]
[12]

[13]
[14]
[15]

[16]
[17]
(18]
[19]
[20]

[21]
[22]
[23]
[24]

[25]

[26]
[27]

[28]
[29]

[30]

[31]

ZHANG T, XIAO S Y, DING Z H, et al. Effects of superfine grinding on physicochemical properties and morphological structure
of Coix seed powders [J]. Journal of Cereal Science, 2021, 102: 103361.

WU Z G, AMEER K, JIANG G H. Effects of superfine grinding on the physicochemical properties and antioxidant activities of
sanchi ( Panax notoginseng ) flower powders [J]. Journal of Food Science and Technology, 2021, 58(1): 62-73.

ZHANG J T, DONG Y S, NISAR T, et al. Effect of superfine-grinding on the physicochemical and antioxidant properties of
Lycium ruthenicum murray powders [J]. Powder Technology, 2020, 372: 68-75.

KUZRAS, XA, G2 5 i, ST TR ROH 1 ) 8 2 B 5 4 T [9). A B i F8H,2023,39(11):160-167.

AT A, 0, 5 SC NI, 6 R ROA 1 o) 7 R Bk R A WOV 485 1 I T e R P B 2 i [J]. 4l T F2 224, 2020,36(8):278-286.

HIGEEE, AR e, B 30K, 55 RO T 2O BRAL PR . DhRERRPE R A5 RRIE IR 5 [J]. £ i 15 R I 1Y, 2022,48(12):37-45.
ZHANG Y K, ZHANG M L, GUO X Y, et al. Improving the adsorption characteristics and antioxidant activity of oat bran by
superfine grinding [J]. Food Science & Nutrition, 2023, 11(1):216-227.

15t iy, PSR o i, A5 R FRSOH B XD SRR A RO 485 g B B P PO S [3]. 8 w5 A % 101, 2023,49(7):198-204.

WA 25 Ty s W2 5 v R 2 TR R A I B IR A B 0], L 7 R 24 4 7, 2018,47(2):206-207.

YUE F, ZHANG J, XU J, et al. Effects of monosaccharide composition on quantitative analysis of total sugar content by
phenol-sulfuric acid method [J]. Frontiers in Nutrition, 2022, 9: 963318.

KR, B0, V7K, A8 e OO C T 20 T SR U A e i 0 R IR 14 5 B AR AL [3]. 3 W B2 27441, 2023,39(2):219-224.

A RS FVE, AR A S O SR 2 By R T AR S TR FE[0]. 3 97 441, 2013,25(2):406-414.

FFSEEe ZEPHY Bt B OR TR LA B B 24 S D AR A P I 2 il [J]. & Wb T 78 5 0T ¢, 2022,43(14):118-124,
B, £, 5 TN, 55 ACEL AR B Ok B0 AR A S A M 1 5 e [J]. £ A RHE,2019,44(2):99-103.

MENG Q R, FAN H R, CHEN F, et al. Preparation and characterization of Dendrobium officinale powders through superfine
grinding [J]. Journal of the Science of Food and Agriculture, 2018, 98(5): 1906-1913.

405 U ZERE AR B AN 1R [ SR LERATE 738 S [3]. P Bk, 2006,15(8):54-56+90.

TS 5 A A e, SRR 2, A L SRy L5 TR YR 2 8 by A Im A R M R B R [J]. A 5 % DMk, 2021,47(3):95-100.
ZHANG Z Q, CHEN S C, WANG Q L, et al. Effects of traditional grinding and superfine grinding technologies on the properties
and volatile components of Protaetia brevitarsis larvae powder [J]. LWT, 2023, 173: 114307.

ZHAO X, ZHU H, CHEN J, et al. FTIR, XRD and SEM analysis of ginger powders with different size [J]. Journal of Food
Processing and Preservation, 2015, 39(6): 2017-2026.

JIAX, Li L, TAN D, et al. Effect of superfine-grinding on the physicochemical and antioxidant properties of Dendrobium nobile
powders [J]. Food Science and Technology, 2023, 43: €117322.

ZRUEII, TR, 5k 72, S5 RO PR AR R b A 25 S AN HE R T S [ 0] 46 16 24 2 2% 75, 2019,34(1):22- 26.

ZHAI X, YANG M, ZHANG J, et al. Feasibility of ultrasound-assisted extraction for accelerated cold brew coffee processing:
characterization and comparison with conventional brewing methods [J]. Frontiers in Nutrition, 2022, 9: 849811.

Frm K IRAKEE, R R, S DM RE A A K . BRI BT DL A IR B AR [J]. & i 24,2020,41(13):46-52.

T 5 R S R OR A KR 2 By (A AL S PSR R R M 0], B 5 I Tk, 2022,48(14):138-144.

LIANG Z W, GUAN Y H, LI R Y, et al. Bioactive components in Panax notoginseng and Panax quinquefolium leaves and their
antioxidant, antihypertensive and anti-inflammatory capacities [J]. Industrial Crops and Products, 2024, 210: 118079.

SUN J, WANG N, WANG C Y, et al. Effects of superfine pulverization technology on the morphology, microstructure, and
physicochemical properties of Apium graveolens L. root [J]. Microscopy Research and Technique, 2022, 85(7): 2455-2466.

11



