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Impact and evaluation of different drying methods on
the quality of Prunus mume flowers
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Abstract: [Objective] The impact of different drying methods on the quality of dried Prunus mume flowers is
to be studied and evaluated, so as to provide reference for maintaining the quality of dried P. mume flowers in
drying process. [Method] 4 different drying methods (hot air drying, microwave drying, compound drying and
vacuum freeze-drying) were used to treat 8 P. mume flower cultivars (‘ Dongfang Zhusha’ ‘ Guhong Zhusha’
‘Xiaohong Gongfen’ ‘Fenpi Gongfen’ ‘Fentai Yudie’ ‘Yueguang Yudie’ ‘Jiuguang Lve’ and ‘Suyu Lv”). Color
difference, antioxidant capacity, and total flavonoid content were used as evaluation indicators to compare the
impact of different drying methods on the quality of P. mume flowers. The entropy weight-coefficient of

variation method was used for combined weighting to calculate the comprehensive score. The evaluation model
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was verified by the weighted proximation ideal solution sorting method and the optimal drying method was
obtained. [Result] The color difference and shrinkage rate treated with vacuum freeze-drying were the
smallest, less than 33.09 and 28.7%, respectively, and the total flavonoids, anthocyanins, and total chlorogenic
acid mass fractions of the samples were the highest. The soluble protein mass fraction and antioxidant capacity
of the materials treated with vacuum freezing and composite drying methods were the highest. The retention
rate of volatile substances was the highest after composite drying, exceeding 50%. The comprehensive scores
ranking from high to low was vacuum freeze-drying group, composite drying group, hot air drying group, and
microwave drying group. [Conclusion] The mass fraction of active ingredients is the highest after vacuum
freeze-drying, followed by composite drying. The quality of P. mume flowers is the best after vacuum freeze-
drying and composite drying, which can be used for high-quality processing and mass production. [Ch, 8 fig. 6
tab. 29 ref.]
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Figure 1 Morphology of P. mume flowers after different drying methods
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Table 1 Changes of flower color after different drying methods 40 Fpat AR a TR
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‘E gy NNI5S5B  155A 8D 4D 155A Figure 2 Color difference of P. mume flowers after different drying

metheds
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Figure 3 Changes of water loss rate (A) and shrinkage rate (B) of P. mume flowers after different drying metheds
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Figure 4 Total flavone content of P. mume flowers before and after Figure 5 Total anthocyanin content of P. mume flowers before and

different drying metheds after different drying metheds



1266 WroIL R R K A R 2024412 A 20 H
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. La0R FIARE FIEH 6 MuEF T, Cy3G, Cy3Ru, Pn3G FufEFFLalE R, 1%
FIAE T AL sy, Hb, Cy3Ru B ndunm, HAER A TG MM b B /80 3 m T HAL 45
Ik (P<0.05). Cy3G Ml Pn3G i i BIfE BRLLEN  “HLARD  BEEh e, H7FE
HARURTIROR B R i . P3RuSh HAE ARIFRED” Wil , HAEE AR VR TR e R B %
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Table 2 Composition and content of anthocyanin in P. mume flowers before and after different drying methods
S Tk R e )
Cy3G Cy3Ru Pn3G Pn3Ru Pn3Ru Pt3Ru5h
Xif R 841.7143439a 1027.57423.45a 961.74£1822a 227.72429.11a 130.19£1.09a  192.58+1.46a
PIRT4 400.75+5.87 d 723.73+15.10 ¢ 509.53+5.24d  158.79+5.02b  113.67+12.52ab 127.39+5.79 ¢
IR TR 464.20£15.80 ¢ 617.5247.30d  508.77+15.26d 100.32£10.42¢  92.19+20.83b  126.93+6.97 ¢
HET R 571.18£14.74b  840.66x16.28 b 692.89+44.69 ¢ 145.47£546b 126.78+0.93a  160.19£17.22 b
HEWRURTIE 575.79+560b  827.60£9.85b  775.04+1332b 157.75+21.72b 117.91+15.1a  174.76+1.24b
payid 564.92+13.66a  496.45+3.02a 774.52+19.56a 63.51+1.61a  63.32+0.70a —
P48 42435+15.82 ¢ 357.86+29.59 ¢ 493.59+15.76 ¢  47.37£221c  51.91x1.49¢ -
CELLREY BT 35238+26.86d  27521+37.52d 462.78+19.02d  46.43+020c  50.58+2.90 ¢ -
HETHR 452.85+6.76b  428.39+12.83b 555.72+14.56b  51.0942.53b  56.97+2.22b —
BRI 478.79+£12.68b  401.86£5.03b  585.24+£19.34b  52.87+0.62b  59.45+2.44 b -
payiist 94.87+12.12a 56.21+8.51a  89.89+1331a 57.87+1.65a  60.02+1.89a -
AT 57.85£2.58 ¢ 3528+2.90b  6827+1.29b  33.03x1.68c  42.12+0.85d —
GELLENY R TR 29.93+1.58 d 21.17£030 ¢ 42.66+4.48c  22.80+1.63d  27.43+2.0le —
AT 69.90+2.39 b 37.63+4.39b  64.46+3.00b  37.62+1.74b  47.27+1.58¢ —
HAERURTHE  71.37+2.64b 39.7242.76 b 75.04£1.53b  40.09+2.65b  50.79£1.18 b —
X IR 77.44+6.27 a 38.79+136a  88.49+342a  39.86x0.70a  51.80+1.71a -
AT 52.8443.36 ¢ 2381+£1.81b  52.65t1.74d  23.92+1.11c  24.04+1.25¢ —
WECERY kT 47.59+1.50 ¢ 19.84+1.56 ¢ 48.16£1.92e  21.87£127d  22.96+0.32¢c —
SETH 72.49+3.47 b 2632+1.66b  57.47£332c¢  25.47+098c  32.95:1.96b —
HEBURTHE  68.73+3.34b 25.9241.69b  64.74+033b  28.90+0.57b  35.09+2.47 b —
UL IS [ 7B R ] — SRR [ T4 05 2 W] 22 53 3 (P<<0.05). Cy3G. KA E-3-0- A1 ; Cy3Ruw KEHE-3-0-25

TMEH s Pn3G. ATZAL R -3-0- A1 Pod3Ru. AT AL R -3-0-ZE F AT Pn3Ru. KA R -3-0-25 Fdfl AT
Pt3RuSh. &4 4 K -3-0- 25 FMfi-5-O- AT . — FOR AR ENZ ST o

23 TIREEEERS TN

M8 ANHMEAE S Bl P S R 27 RRE LY, R R M BRI S  FRE . AALER . FEE AR
Wi G . BREAC G UITEM AL Lo h BT it o B e i, AR . R BERN SRR H R S 2 AL R
WG B R0 i M I e 25 SR T (K] 6): B A TR EL A v R TR A R B R Ly L
BB, FEADE7E AR MERIOX 2 REEFSAM I, X 2 FpH5 0k R E AR ROER,
BETHRAN SR Rigm, 58 50% U, AT RAMIENE LS R E S RARE, ik
i PP LE PR T8 5 FE R B R B /0 o 8 MR AP BEREFE R TR R T R B E R R B T
g, HAR SR BTSRRI TR, SiiAE TR B S =R TR, MEE & AR il R A2 T 2s .
24 TFIREBERSALFEEEL

23 MFE 4 S5 REXF R . TR AR EORCT 2 R IR TS BRAE T —8 AR T T A S By
My AEHE ORI B DPPH Al ABTS H H 1Y IC50 344 BT, Jf HAFTE R 322 5% (P<<0.05), ViU {4
BORAE T X B R SERTEBRBE I FRAK, FE ERRI Tt At B BREE J1 3 AN ] .
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Figure 6 Relative contents of volatile components of P. mume flowers before and after different drying metheds
x3 ARETFEFELERGHEEER DPPH BBER 1C50
Table 3 IC50 values of DPPH free radical scavenging of P. mume flowers before and after different drying methods
ging g
o i 1HBRDPPH H H 2E191C50/(mg- L ™)
2]2}
X R HRT TRl T SETH B TR TR
RITRA 180.40+1.79 d 238.26+2.42 b 269.67+6.88 a 230.03+3.19 b 191.1747.67 ¢
CHARR 176.99+4.79 ¢ 233.66+5.16 b 269.69+7.17 a 223.3349.63 b 221.11+4.24 b
‘R E A 193.60+6.25 d 236.42+7.01 b 271.22+434 a 214.05+2.44 ¢ 204.2443.71 ¢
W ek 186.91+7.98 d 242.9147.63 b 292.69+3.39 a 222.02+1.34 ¢ 197.54+6.29 d
LR 171.70+2.90 d 241.20+7.81b 273.7349.35 a 229.67+1.03 b 208.39+6.02 ¢
B R 183.50+2.91 ¢ 232.37+3.88 b 257.62+8.40 a 209.38+2.37 ¢ 197.30+3.15d
R RS 168.43+3.62 ¢ 221.55+0.82 b 234.17+7.48 a 208.39+6.12 ¢ 193.95+4.62 d
WL i 155.31+5.20 d 229.09+6.76 b 249.32+12.28 a 190.41+4.72 ¢ 189.24+1.65 ¢

il AR R TR R ] —

A AN R TR 1 ) 25 5 3 (P<<0.05).

bR CHLIAREY Ab, H5HAL T IRAHLE, R UR TR JS WM AL UGS B DPPH. ABST H i

mmwﬁﬁzﬁ?mﬂ¥ﬁ5ﬁﬁ%@@<mm,53A$@§$mo LSV VR T 1 IS I M AR $ 1
WXt DPPH [ Hh 5 1Y T I RE ) S 000 TS 10 1.2~1.5 0% B4 TR 5 B2V VR T4 5 Mg 46 32 U S 1%
ABTS [ 51 1C50 249} 447.29~478.67 mg- L', EL2WB % T 55 & T8 J5 09 #4645 UK X DPPH .
ABST H HEIEFRAE 180 . AT REM T HL2S R VR TR R B I RS 0, A 808l T P8 AL W B £

NIIZS SRS OE N AL



1268 WroIL R R K A R 2024412 A 20 H

T4 ARTERFELERSHEIEEFRR ABST BHER 1C50

Table 4 1C50 value of ABST free radical scavenging of P. mume flowers before and after different drying methods
THBRABST H HHAEYIC50/(mg- L)

o
e Xt HRT e T 4R T TR ST
RITHRAD 431.89+1.85¢ 528.86+2.95 a 520.906.88 a 464.79+5.46 b 45421+1133 b
CHLLRED 430.89+9.98 ¢ 464.71£6.51 b 494.48+17.93 a 463.13+2.78 b 457.54+5.77b
i FANCY i 436.85+4.07 d 521.48+7.59 b 536.05+9.34 a 470.58+7.23 ¢ 473.88+3.00 ¢
W ECE R 423.26+3.85d 470.38+7.51b 519.48+5.67 a 463.42+4.80 be 458.63+6.59 ¢
‘AYEER 435.44+0.87 d 523.76+3.58 b 537.67+7.33 a 467.46+4.29 ¢ 468.04+5.26 ¢
RN 434.56+1.98 d 471.71+1.28 ¢ 520.86+5.47 a 469.50+4.63 ¢ 478.67+3.32 b
‘RELE 428.30+5.57d 490.43+7.95 b 510.52+18.91 a 454.54+522 ¢ 452.54+7.60 ¢
R 410.93+4.46 d 470.38+7.51 b 519.48+5.67 a 459.79+10.02 b 447.29+4.69 ¢
YL [FATAR R PR R R — S R [R50 2 E 22 55 1835 (P<<0.05),

25 BEBSHH

251 TmEkEaREaas HE 7 A 80 - o

T8 A T A2 P S7 PE 2 11 6 1 BA AT 5 3 or |

W CDEESE CMAEE DA TR so| =511 T

AR TR

PR B B3 T ILA FHRTIE (P<0.05), Bk
00 2608, 7.92mg g, CHEITKRE  HL

R BB CORMEERT AWE 0
RGO o, U TR L R 0

40
30

AVETE R AR R/ (mg- g )

I SN oo e o s vy o4 8 8 &% & 85 8
SR N T A 3 Rl TR B, R R AR AN P
PARRCAI OGN S R

491, 31.86, 3.34, 538, 5.26. 3.70mg-g ',
252 WERBR., GREB, ELNF. FT53MH
KRB HEN HRER . SRR L fef
FER EZ MY T, HBT 0w T e L&
T B S etk B8 AT HAER
R TR IR B RCR A, JUHRE KR
BB i e ) o S R R S Al e B o B W e T
Bkt BRAM HAD T4 5 (P<<0.05)0 B A THREAR IR B RCRIR IR T B R VR T4, (A5 TR
AR T4
2.6 LZEIFEM

HY E 3R A3 AT 0 S (] T 8 O 12 Ak BEGT A A 5 BT S B B 52 e AN [R] o AR AR R R SR T A R
TOPSIS (LR ZE R ANER 5 FER 6 iR : 4 BT L AL -2 5 RERZE 6 VF 43 il e BRI O L35 v
BRI . BE T BT Tk . @it TOPSIS HEFF ki AT, 45 R 525 R
Bk ot REEAR 2, TOPSIS Hf/7iEH CBRHEZ MR, BEASRR TR S 26 T B BT
DT A T4 . G5 R UL S W R TR TR G M e Bl i, BA TIRIE TG IRZ .
3 itk

My AE A Z RS AR G BT . IRRI AL B TR DL R 2 T, X S sSUR T M AE A K I &
WP, ARWETER IR . B TR . A TR A VR T4 4 MORIR TR 07 b BRMEAE, 275
FIETFRA . L0 EFNERE, X TSR R A S B s . SRR TR
AL FRAL &8 PP A BOR B52 I . 5 ZHANG S0 (iR —3. B URTR BB TE PR3 (L AN
Azt Fy E R, HARAY R DHHP f1 ABST A H3EEE ), B nHiskkpdie et i, B4 T
BB A TG 2y, IRTHUEARRE 7. X5 SHI %P AURIFSE 45 ALY . AWFsEHh, Ea Tk

mh
AN PR FRIRIA] — S AN F) TR R 22 57 8 25 (P<<0.05).
B7 ARETFRY ELEANEHELGTERES
REFHMEE
Figure 7 Difference in soluble protein content of P. mume flowers

before and after treatment with different drying methods
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FRE 454 (E) R4
Figure 8 Changes of contents of neochlorogenic acid (A), chlorogenic acid (B), rutin (C), hyperoside (D) and isoquercitrin (E) in P. mume flowers

before and after different drying methods
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RIS TR AR AR BRI, 2R SRR FRoi AT A AL RE ) HLAS B R iy
By, o CORED ah AP OR B %éﬁﬁﬂiﬁﬁ&&i HHHAT R . ZiaiE e R ER .
CHEUREY CAMEE PEorde, R, X 2 R RNE T REEE R BT & .

4 Hi

ARSI 8 IHELEARFH, KA 4 AR 1T IS AL SEAE A TIR T A B . LS W VR T IR B0Af
PR AL, A TR . BV URTIRAE i R R AF D7 T R B e, (RS A 18 JUA R I ] 14+
Mt FERR ) THORMABIN . ML T, B8 TS TR T BRI ER IR, AR LR i
B, AR TN, A RHEE AR SR T AT RE . Al A — D i A S AP RO RS, IR AT
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Table 5 Weights of indexes of the P. mume flowers entropy weight-coefficient of variation method after different drying methods
el ity W wp w, A FEbrAa bR W Wi w;
P & 0.0746 0.0540 0.0798 P & 0.0723 0.0540 0.0795
W 0.0816 0.0334 0.0657 [ ERES 0.1003 0.0224 0.060 3
2E 0.0942 0.0268 0.0632 2E 0.0725 0.0503 0.076 8
DPPH 0.0783 0.0374 0.0680 DPPH 0.0727 0.0512 0.0776
ABST 0.0861 0.0385 0.0724 ABST 0.0725 0.0504 0.076 9
B 0.0785 0.0400 0.0705 ST 0.0762 0.0432 0.0730
IR E”E%? o 0.0870 0.0322 0.066 5 CELT R 2 %5? o 0.0809 0.0369 0.069 5
RS HARERE 00805 0.0392 0.0706 RS HORERE 00947 00285 0.066 1
TR 0.0770 0.0449 0.0739 R ER 0.0731 0.0459 0.0737
LRIR 0.0798 0.0418 0.0726 SRR 0.0729 0.0468 0.0743
BT 0.0802 0.0429 0.0737 BT 0.0758 0.0420 0.0718
K4 e 0.0822 0.0330 0.0655 Lok 0.0829 0.0358 0.0693
SRz A 0.0759 0.0500 0.0774 SR 0.0782 0.0395 0.0707
AR R 0.0744 0.0550 0.0804 AR 0.1018 0.0222 0.0605
RIKH 0.076 6 0.0637 0.0812 PN & 0.076 1 0.0413 0.0724
ek 0.0836 0.0370 0.0646 W 0.0754 0.0376 0.0688
B2ME 0.0794 0.0432 0.068 1 B2fE 0.0813 0.0327 0.0666
DPPH 0.0784 0.0506 0.0732 DPPH 0.0740 0.0429 0.0727
ABST 0.0842 0.0463 0.0726 ABST 0.0725 0.0516 0.0790
ST 0.0823 0.0423 0.0685 SVHTE 0.0736 0.0488 0.0774
. E‘ZE%‘%‘ ‘ N 0.0772 0.0543 0.0752 N EXE%?% ‘ N 0.0781 0.0403 0.0724
RS HARE A 00802 0.0453  0.070 1 RS RORERE 00725 00504 0.078 1
kIR IR 0.0804 0.0437 0.0689 [N 0.0928 0.0274 0.065 1
SRR 0.0791 0.0488 0.0722 SRR 0.0896 0.0271 0.0636
P 0.0938 0.0304 0.0620 T 0.0724 0.0523 0.0795
K2 St 0.0845 0.0458 0.0723 EoE2; S8 0.0799 0.0396 0.0726
LA 0.076 7 0.0613 0.0796 SR 0.0984 0.0236 0.0622
IR d e 0.0779 0.0486 0.0715 AR 0.0903 0.0323 0.069 7
JoKZ 0.0811 0.0468 0.0810 YN & 0.0801 0.0476 0.0792
g 0.1003 0.0262 0.067 4 g 0.1064 0.0254 0.0667
ta2E(H 0.0828 0.0381 0.0739 B2 0.0822 0.0450 0.0780
DPPH 0.0806 0.0434 0.0778 DPPH 0.0821 0.0455 0.0785
ABST 0.0876 0.0437 0.0814 ABST 0.0791 0.0570 0.0862
SLHETR 0.0887 0.0383 0.076 6 ST 0.1021 0.0369 0.0788
SRR L ﬁi?ﬁi‘? 0.0638 0.0001 0.0027 | . o R éﬁfr}*% ‘ N 0.0638 0.0001 0.0027
PRV IR A 0.0832  0.0400 0.0758 PRV IR 0.0822 00411 0.0746
IR 0.0806 0.0461 0.080 1 BRI 0.0948 0.0362 0.0752
SRR 0.0808 0.0491 0.0828 SRR IR 0.0855 0.0446 0.0793
T 0.0920 0.0404 0.080 1 T 0.0830 0.0452 0.0786
EoEL4 58 0.0930 0.0375 0.0776 K2 SEs 0.0851 0.0451 0.0795
Uity 0.0925 0.0311 0.0705 S 0.0947 0.0323 0.0710
GRS dn | 0.0976 0.0332 0.0749 AR A 0.0845 0.0398 0.0745
P & 0.0837 0.0613 0.0822 P & 0.0836 0.0556 0.080 1
W 0.0871 0.0464 0.0730 [ ERES 0.0891 0.0424 0.0722
f2E 0.0842 0.0584 0.0805 t2(E 0.0865 0.0459 0.074 0
DPPH 0.0891 0.0451 0.0728 DPPH 0.0880 0.0525 0.0798
ABST 0.0886 0.0533 0.0789 ABST 0.0833 0.0568 0.0808
B 0.0903 0.0506 0.0776 SHE 0.0867 0.0460 0.0742
g E”E%? ) 0.0638 0.0001 0.0027 || ) g "5'4%? \ 0.0638 0.0001 0.0027
RS HARERE 00886 00462 0.0734 RS HAREE 01065 0.0453 0.0816
TR IR 0.0933 0.0458 0.0750 R ER 0.0844 0.0547 0.0798
LRIR 0.0869 0.0500 0.0757 ESI 0.0873 0.0528 0.0798
T 0.0900 0.0515 0.0782 BT 0.0896 0.0397 0.0700
K4 e 0.0880 0.0501 0.0763 Lok 0.0898 0.0504 0.0790
SRz A 0.0957 0.0474 0.0773 SR 0.0866 0.0489 0.076 4
AR 0.0843 0.0559 0.0788 AR 0.0870 0.0438 0.0725
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Table 6 Comprehensive score and TOPSIS ranking results of entropy-coefficient of variation of P. mume after different drying motheds
Jre———— kY A ¥
hﬁjz j’*’%g{ TOPSISHES hﬁ]ﬁjﬁg\ﬁ TOPSISHE#
il FHR ikl fil THR I atakilind
AT HiA c H4 AT HEA c H#z
POT R 78350 3 05010 3 PR 95251 3 03675 4
TR T 619.09 4 03923 4 R Tk 73531 4 04161 3
Forkw B
HATHEk 97578 2 0.6493 1 Ba Tk 127655 2 05812 1
HARRTHDE 104936 1 05950 2 HESWRURTIRE 134041 1 05528 2
PR 72316 3 05083 3 PR Pk 78350 3 03786 3
. TR TR 564.06 4 04136 4 . T TR 619.09 4 04178 4
BRI RY - wern
AT HRE 91286 2 05985 1 ATk 97578 2 05651 2
HAARURTIRDE 104504 1 05824 2 HARURTIRE 104936 1 0.6266 1
POT R 590.06 3 03933 4 PR 72206 3 02830 4
TR T 50193 4 04508 3 R Tk 707.76 4 04225 3
S T WaEg
HATEE 85284 2 06207 1 HATE. 97507 2 05554 2
HAERRTHDE 95314 1 05509 2 HEWRHETHRE 101684 1 05864 1
PR 81227 3 04322 3 PRk 87724 3 04237 3
TR TR 71361 4 04352 4 TR TR 706.09 4 05051 4
‘g o AWML : o
AT HRE 101670 2 05805 1 AT 1041.97 2 04643 2
HASRVRTHED: 104838 1 05641 2 HARURTIDE 115098 1 05764 1
J@ﬁ% S, DHRTHMEAEASIBRAR S T . BEAh, ARWFGRIE A T @20 . PrA LR ) AR 8 R & BE FR b
TLEEVEAN, TR RS Z2 5 AR TR OC A A A AR BRAR R *’Jﬁﬁﬁ%ﬁé’]ﬁﬁnuﬁﬁ—@l
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