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Effect of Drying Method on Character and Quality of Chaenomeles
sinensis (Thouin) Koehne Powder

RU Chao', WANG Yiran', QIU Li®, WANG Yanjun', GUO Zhenyu', SHANG Guochu?,
WANG Yuanbin?, LU Zhoumin""

(1.Forestry College, Northwest A & F University, Yangling 712100, China;
2.Baihe County Chinese Flowering Quince Industry Office, Baihe 725800, China)

Abstract: This study aimed to evaluate the character and quality differences in Chaenomeles sinensis (Thouin) Koehne fruit
powder processed under various drying conditions, providing a theoretical basis for selecting raw materials in the
production of value-added products under fine classification conditions. Fresh Chaenomeles sinensis (Thouin) Koehne was
used as the raw material, which was sliced and color-protected before being processed into powder using different drying
methods, and the physical properties and main component content differences of the powder were analyzed and compared.
The results indicated that energy consumption varied among drying methods, significantly affecting the physical properties
and main component content of the fruit powder. Vacuum freeze drying best preserved the color (L" value: 79.57, AE value:
4.73, WI value: 30.06) and main component content, including ascorbic acid (6.48 mg/g), carotenoids (4.19 mg/100 g),
soluble protein (13.08 mg/g), total phenols (75.57 mg/g), flavonoids (214.95 mg/g), triterpenoid acids (107.14 mg/g) and
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tannins (81.23 mg/g). The contents of phenolic compounds, including catechin (13.17 mg/g), epicatechin (2.40 mg/g),

proanthocyanidin B, (27.70 mg/g), and proanthocyanidin B, (66.99 mg/g), were also significantly higher than those in the
other drying groups (P<0.05), although its energy consumption (77.19 kW-h/kg) was the highest. Naturally dried fruit
powder had the best fluidity (35.93°), significantly higher water-holding (2.45 g/g) and oil-holding (2.44 mL/g) than the rest
of the drying groups (P<0.05), with better dilution and brewing properties, and the ascorbic acid and soluble protein

contents were second only to the vacuum freeze-dried fruit powder. Hot-air dried fruit powder had high contents of total
acid (10.28%) and total sugar (170.97 mg/g), as well as the highest levels of malic acid (56.26 mg/g) and sorbitol
(98.64 mg/g). The total phenols, flavonoids, and tannins were second only to those in vacuum freeze-dried powder. In

conclusion, vacuum freeze-dried Chaenomeles sinensis (Thouin) Koehne powder is best suited for high-value medical and

health products, natural dried powder is ideal for liquid beverage processing, and hot-air dried powder is recommended for

solid or semi-solid food applications.

Key words: Chaenomeles sinensis (Thouin) Koehne; fruit powder; drying method; power consumption; physical

characteristics; main component
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PEFAIEE R 600 °C, Wi (GS D FEH BN
(GS2) 4372 60 psi, AT M 35 psic KHEZRNV
W MRM 4548 7 1% 1 24 Jo A TR 4R 4
1.3 HELIE

LR LI E 3 IR, B L
{HEbRHEZEIE 2GR, FIFH SPSS 26.0 #4735 45>
BT AT 22453871, P<0.05 FRon 2257 W 3, i2 A Origin
2024b %4:&.,
2 RS9
2.1 AEFEARAKRRRMIEEFRS=E

REFE AT o T AR A S oA = i FH P B2
SR, ATCR A 7 2 R BEFE LA S S M 1) 773
TEAER R ZE R (5 1) . VMD T By [a] £ 58, A K
0.52 h, 5 ND(20 h)AH b T4 Bl 4648 97.4%, BEF
Sk 22.54 kW -h/kg, iX SBR[ A il BLAS AR 5 19 25
VR, TRERRCE S, RS NN T /K 5328 & 1)
ShPEEPY. VED I VD i TR a4 K, S 8KAE
B o ND 3k B T il BRFE RS, e B K 433
Z, Tl =i, 155 22.55%.

# 1 ARTETRTCRBERE 5™ R

Table 1 Energy consumption and yield of Chaenomeles
sinensis (Thouin) Koehne fruit powder in different
drying methods

T T4 E] (h) fEFE (kW h/kg) 7 3(%)
ND 20.00£1.73° - 22.55+0.30°
HAD 6.04+0.19° 29.08+0.56" 21.34+0.28°
VD 11.94+0.50° 73.4842.55° 21.25+1.12°
VFD 14.43+0.84° 77.19+4.80° 20.97+0.17°
VMD 0.52+0.02¢ 22.544+0.77° 21.10+0.30°

TE: RS RNG T RERR TR LAY B 22 52, P<0.05, #2~34[H].

2.2 FEARI ARSI AR A2
2.2.1  THEIT ST ATRS M o I3 AN O EE #4114 5 i)
AR T T i e BB R RE Y B SRR, AN
{HFZ M B9 3 B2 B, thalt— 22 i . 8
T EAREBS Y L7 o b E R SCEXT N5 P
(ARSI PEAT, T AE (B R RN T ah SR
JIZ (6] A 860 22, WIHE 267 T 1 5 09 28 (R 32
AE{BFN WIAE /N, 05 5 0073 50T oA T ik 32
W TR AT AR L7, a" . b". AE {E N
WI {H 75 5 25 5 mi HAS [A] 108 0y =X 1R 22 5 b 3%
(P<0.05)(5% 2), VFD A58 L(E(79.57) &= T

HAY T4 (P<0.05), a(4.07) . b°(21.67) . AE{H
(4.73) F1 WI{H (30.06) . K T Hi 4 TR 4H (P<
0.05), i S A TR B 23T, O PR 7R
FEAS J5 A N ERGE K S8, IR AT LAGE ShaS ET S
AR, B AM T T S A 2 A A . HkE:
HAD 58y, AE {H(11.28)F1 WI {H(36.53) &K T
55 VFD #MiT1E4H (P<0.05), X5 Brar a2 yefktAh
HEAL TR A PRAF ST b HAD X005 52 M 4% R i 45
FEAEZES . XA RE S FURLZ [T HLAER & 1k 22 TR
Ao, ANHFA YR & E 5, EZHHER AL
OV HERR I A A B rRs e TR, SHUR AR v AL,
PRI BA BT A E R, A RGE THIA R
AL . ND PR EHRIFE [ 2R3 e b 5 <
frh % A= B AR AR, SREBYAY AE {H (20.76) F1 WI 1H
(44.83) It 2= T HAT T4 (P<0.05) , #8285 B ™ R ;
VMD sk 3R, Kl LS USRS R 220%
H, 2 55 A SRR IS P, PR “ A
R, SRR AR AL, RIS . S PR
IBIEY AE (EF W (HRK/NE LR S ND>
VD>VMD>HAD>VFD(P<0.05),

ASTE] 9T A TSR 0y B4 AU 235 A 25 55 B i
(1) ND SRR LRI 2, RSF R/ N
A T 22 5, 3X 5 ND R G, B RS A B
o PHIALNTE T 40 et 4 v e 28 i BT B . R A
FIHLBE L 25 52 20, S50 HAD SRl ks 2 i 45 4 H.
FEARASFRI] . VD HAG R H 1 445 . HES 5% T2
85, ATRER N AL BRI ELAS R T A 4k,
S B A T T AN L D TR i AR e R B Al A T
VFD SRR 2w GH 1, ARG ™ &, 3 228
SR PR ATGE o FHAENRIK, B RS H AT 50 3K, Bk
ZEMBAA ZZF L, WS 5 R 4 ELE, 584k T 43Tl
HrEAEA, SECA D LA RS, VMD SRy
BLLL IR R 32, FRESEAS G, 33X T2 B P A TR
ALK — B R L d T RS TR S B R
AEAF
2.2.2  TETDT A TSR HE R A A7 B R B v
VAVERERY TN GRSl e . MR R AN Y R A
SO HERU A RR Y DGR AR . AR T UK
Sk 0 v B vE L HEFR 8 B R R 25 B T 5
(P<0.05) (3 3)., IKR1EAMAO) P E N R sh it n
BRPRZ —, ND R iR IR A (35.93°) W2 /NFH

® 2 T ARTCRE (B

Table 2  Effect of drying methods on the color of Chaenomeles sinensis (Thouin) Koehne fruit powder

Tt L da b’ AE Wi
fif 83.07+0.13° 1.60+0.06° 23.67+0.15° 29.15+0.15
ND 63.97+0.03° 9.63+0.35" 24.87+0.30° 20.76+0.18" 44.83+0.26"
HAD 72.87+0.38° 6.30+0.75" 23.60+0.06° 11.28+0.38¢ 36.53+0.29¢
VD 68.57+0.23¢ 8.87+0.23" 29.37+0.20° 17.20+0.08" 43.92+0.00
VFD 79.57+0.13° 4.07+0.27¢ 21.67+0.12¢ 4.73+0.28° 30.06+0.09°
VMD 73.47+0.29° 7.4740.09° 29.87+0.17* 12.85+0.25° 40.64+0.28°
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I
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Fig.1 Figures of Chaenomeles sinensis (Thouin) Koehne fruit powder (A) and scanning electron microscope (B)
(magnification at 500%) of different drying methods

# 3 TR O AT ARG A AR B vh I P RE OS2 )
Table 3  Effect of drying methods on stacking storability and dilution and brewing properties of Chaenomeles sinensis (Thouin)
Koehne fruit powder

. W R A BE R oA T BE
THE — - : -

RiEF(6)(°) HEFHEE (g/mL) MR (%) FEi i (mL/g) ek (glg) AR (%)
ND 35.93+0.23¢ 0.33+0.00¢ 17.3120.02° 2.4440.07° 2.45+0.08" 50.28+0.35
HAD 45.08+0.23° 0.350.00° 17.18+0.50° 1.76+0.04° 2.06+0.00° 49.36+3.85°
VD 46.72+0.20° 0.47+0.00° 13.52+0.47° 1.60+0.00% 1.97+0.02° 39.20+1.94°
VFD 49.33+0.33° 0.25+0.00° 17.43+0.12° 2.26+0.05° 2.31£0.10° 48.48+0.35°
VMD 46.27+0.14° 0.43+0.00° 18.07+0.47° 1.55+0.07¢ 2.31£0.05° 51.11+0.20°

AT (P<0.05), WahPEAr, 756 S Mg i i s
ZORM S VED B iR IE A (49.33°) I 25 T A
TR H (P<0.05), JishE2E, HEFR S BE(0.25 g/mL)
/N T H A T HRE (P<0.05) . X EEZE N
VFD 8 T ARJNEA BILHLIE5H, SR ai AR AL )
ISCHRRREE /N, B AL FLsiAA 221, LRI, R
WA JIANFhEE T 1185, ek a] fAH BAE S, S
R A 25 L MERUEE BN, X 5 XA R AP %)
PEHE S Ay (B 5T 45 R — 2. VD SRR g T I R
(13.52%) 2 /NFH A T H4H (P<0.05), X Al g5
RN FRH LU BAARR AT 3¢, VD SRR MR 3
(0.47 g/mL) ik, FoMy R mias B/ L B0khr & B,
W B 7K 53350, OB RAIR, W AT RE S VD SR8
SOBEFITA] R S A O, SRR PTRA
T

R © AR R i R S AR RS v R M R
A AR, AR RE P IRIEREIA BE W 25 B2 TS0k
T BRI . VETC SR A I T AR A BE P 5 e 25
PE o ARy SR TR A (i R AN
i 2= 55 2 (P<0.05) (3% 3) . ND M iy g4
(2.44 mL/g) FHFKPE(2.45 g/g) W& w T HA T
ZH (P<0.05), A R4k B rh M RE, VD St 1045
Rem R R R ZE, JRE AT HEJE: ND TR iR BEAIG, X
ML BRI SN, FHELZ R VD TR e | kB
B, SR R, ST 7™ 8 . N ER A AL A A R
HeBP, H Gy am s 2o CAnAC BT SRS B 414 ) 18

SRR, 1A BT 2R R LR 4EAE R F i B Aok ™ Jr
TH RV E H, gtz i n] fe S BCRB AR RS i
VAVERE FRE. oA VED S8 i 40 i A B 4 A
7N, SR P HERURE B BN, SRR G B 5 re AR I
TFILE, T30 VFD SR SE#ORAE T A e i 4
REMIXT ND M. VMD JRB ISR (51.11%) &,
JE S VMD FER T, 3 T A0k 2R A 4R, ROk
L 1) 22 R AR IRy HL 45 v U N i R Y
ek
23 FIEAANKRARMEZR S EH
TR E R P EEASTE RN /D Z B 2R E R
il 24, LA R BR T8y a6 . R A kR
P 4B PN O TR B A3 AR, HL i v
R BRPRE R ) TR S S A
St R [ AR TR A 1) S22 22
S RE(P<0.05) (3K 4. E 2). VFD SEBAHTIR MR
(6.48 mg/g) . K FFE(4.19 mg/100 g) . AlIEMEE
F1(13.08 mg/g) . MEy(75.57 mg/g) . HHH(214.95 mg/
). =MERR(107.14 mg/g) FIEAT(81.23 mg/g) S HEHY
W2 T HAT T HR4H (P<0.05), X 5 R T4 5 2%
BRAERRLT FOPE 22 4E Y 3= oS R A oT 45
— 3, RUMILIR . 125 B R PR R . B | bk
GRS FIE PRI S SR . ND HUB i =il 2 75
£(89.65 mg/g) W3 = T Bk VFD #hiY 3 FivsrvE T4
Jr=0(P<0.05), BTl B HIAS[E], 3 Fiiss vl T S 4
i =R & B /MK IR S VMD>HAD>VD. HAD
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Table 4 Effect of drying methods on the main nutrient components of Chaenomeles sinensis (Thouin) Koehne fruit powder

T R (%) FbE(mg/g) PR IMLIR (mg/g) A N (mg/100 g) AT (mg/g)
ND 8.53+0.04° 159.26£1.53¢ 6.25+0.02° 2.58+0.13¢ 12.70£0.03°
HAD 10.28+0.22° 170.97+1.10° 5.74+0.04¢ 3.55+0.05° 12.36+0.05°
VD 5.43+0.16° 141.87+1.88¢ 4.16+0.04° 3.14+0.05° 10.58+0.06¢
VFD 10.27+0.04% 167.95+0.90® 6.48+0.07° 4.194+0.02° 13.08+0.04°
VMD 7.34+0.13° 164.36+0.49° 5.33+0.02¢ 3.7240.06° 12.25+0.03¢
250, - BT, L 30 2B P S R A 4%
3 200 I F1AD FRTEIRESR, I THE L B B O AT,
£ [ VD . ) "
= = VFD 230 FHRIr AT A WL HAA L 43 FITAT v
s 150 .
b CJvmb PERIPARLEL ST OB ARSI F 7 A TR
5 100 ¢ bb HLIR S AT PR LR AT s R (K 5). K
2 T AT DL A LA SR =, R[] TR 7 3 A TR,
H W3 3 SR A A HLIR 1Y 66.46%~T72.93% . HAD
0

JsYL) T
B2 T SO AR by 2 BE I ]

BT

Fig.2 Effect of drying methods on the main functional
components of Chaenomeles sinensis (Thouin)
Koehne fruit powder

H: ARVNE R TR A B EMEES, P<0.05,

SRy Y AT (10.28%) FLEFE(170.97 mg/g) &1 5,
FLT R AR T S RO T VED S8, 5D
SR FTIN S HAD £ 7™ 5 488 2K JFORE 32 225 il 43 a0 45
WO R E 22 R XA B SRR Z TR AT B
A G, ARJRA PR & w, RS sk
WA H B AR BE T1 55, HAD 7E45 58 1% BB Y
6 Y TR, TR PE RS (BIAn AR TR P 45474
P AN FR o P00 &) K AR ), SRy v ) SR A,
Sy eI, Ao TR 4 T BRI R A Sy
firt oA AN RS PO, S O i e AR S ek
[F] e TR VDl VMD, Sy i385 22845
P AT A TR 4 (P<0.05) , R R Al fE &
VD TE PR P S A KR K, B BT s
PAARXHR S, ZK S B2 1%, S AR TR, SEh
85 17 I IS FE A 225 VMD Y T ER R wr, F2m

SRS SR B (56.26 mg/g) 3w T HAT T

ZH (P<0.05) H H At HLER & B s, E2E RS

A-ERBENS LA AN AL BE R 2, A B s P i o at

AR, PETTIE S — RIS HE) 0T, A AL

Pz . BRI AE AR BT 2R 557, VD Al VMD [R] 34
AR A PR & IS, HR B ] fE 2 VD AR KA [A]

M R b, K R AN SERLAE I B T FE A PL

iR & E R 2P AERB IVERT T, RIS N BERY

n, ik T A PLR R AR AL N, 53 VMD SR
A HLIR & BEREAR, AR P R AL A6 BRI S

BCEIRR P AP,

TEAR N A R vy, TR 7K e 21 ol o 2 0 A 2R

W, T SEFAE S N T FEAT 2 B AN, P~ ad A e [A]

S Nk o 1SS L Sra Gl N INE S I A A
PR LN ARSI S 32, & d B ATV PR RE Y 54.33%~
59.15%, H:r' HAD 545 i 1L B4 s & 1 (98.64 mg/g)
BEET ND 585(90.58 mg/g)Fl VD 565(92.82 mg/
g)(P<0.05), VMD B4 iEHE & 5(8.10 mg/g) ik
AR T HAY THR4H (P<0.05), AT RESR: VMD 414 N4
BN SRR B IS | A R s K 5 AR 19 . HAD

1 ND Sy 0 b & 5 i 2 e T I e 4 T

F 5 TR HOA TR A HLIR B ZH 73 FITAT S SR 2EL 20 F) )

Table 5 Effect of drying methods on organic acid monomer fraction and soluble sugar monomer fraction

of Chaenomeles sinensis (Thouin) Koehne fruit powder

AR ND HAD VD VED VMD

iR (mg/g) 0.64+0.05° 0.72+0.03" 0.38+0.01" 0.63+0.04* 0.42+0.01°
AT (mg/g) 5.10+£0.14° 5.81+0.23" 4.07+0.04¢ 5.35+£0.24® 4.43+0.07°
2= TR (mg/g) 2.11£0.01° 1.70+0.02% 1.2120.08< 0.71£0.03¢ 3.27+0.55"
SEIRR (mg/g) 45.8240.33 56.26+0.40° 31.39+1.88¢ 50.64+1.10° 36.4242.19¢
PR (mg/g) 9.81+0.26" 13.6140.53° 5.99+0.35° 14.60+0.73° 10.26+0.83"
11IZ4E (mg/g) 90.58+0.95° 98.64+1.23" 92.82+0.68™ 93.84:+1.98%° 96.28+2.29"
Hi% b (mg/g) 26.73+0.39 32.24+0.42° 26.19+0.31° 30.76+0.87° 32.41+0.95

S (mg/g) 26.74+1.31° 35.04+1.26 26.36+0.73" 31.88+2.00™ 33.75+2.32°

I (me/g) 17.17+0.12° 15.62+1.25 11.56:0.20° 13.16+0.74° 8.10+0.34°

i FATARV NG PRGN TR A W35 122 5, P<0.05, K6lAl.
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ZH(P<0.05), 3X 1] ReJ& R e Has 4 A FIlFR84
VP [ A A SROBE R ND I VD SR 14 7 45 bE
(26.73 mg/g A 26.19 mg/g) Fl - B ( 26.74 mg/g
M 26.36 mg/g) & & W E AT H A4y 35
(P<0.05), MBS KA ND Fll VD TR aH<, SEr
Pl I NV IHFE R A B AR 22 . ND JA ) RS 5
(17.17 mg/g) B3EFEE T VD BH5(11.56 mg/g) (P<
0.05), X AT BESEAE VD S50 FIREE &, kb ik
i L B RN S A s g BEER I, PRk, VD S 1
WENE & I ND SRA, 1 A AR AN SRR A
TEPH Z R e & 255 .

2.3.2  THRTT XA TSR M) 19 25 BAAA ZH 43 1) 5 i)
AN T 2R TR A i By 2 PAAAR 2H 53 e 25 55 b
E(GR6), IFHHFRNE, T FEAHFRE B, &

132 2H 53 1Y) 54.17%~56.71%., VFD X A JIK i) iy 21
BAARZH SR B RSO 4, HLAS 2 (13.17 mg/g) - RIL
5K (2.4 mg/g) . JRALTT #E B,(27.7 mg/g) FIFEIET
#F B,(66.99 mg/g)4 B LElE & 5 5w T HAA T
Y 2H (P<0.05) . VFD Fl1 ND 54 19 &8 R 1% & =
(1.59 mg/g F 1.57 mg/g) o3& = T HAY 3 FriEiE T+
Y70 (P<0.05), JFL P T GBS Lt IR IR A E S uiEpiR Fn 2
TIRER LRI A Y, S5+ H B RRFRIEA TRIR AT A
BTa G R I, 23T 4. HAD S 4 Fhis
el & EAICT VFD, {H5S ND JUB e B E 22 5, X
SRR SR A N o B AR S L 25 ] A
i FA S, R LIRS Z 1 22 B Z 52 B0
AREIIF AR R R B T, fl R R 424
S EZES AR,

6 RIS ATIR B S 2H 70 2

Table 6 Effect of drying methods on phenolic fractions of Chaenomeles sinensis (Thouin) Koehne fruit powder

[HESAib ND HAD VD VED VMD
LR PR (mg/g) 1.57+0.06" 1.21+0.07° 0.67+0.01° 1.59+0.04* 1.07+0.08"
L (mg/g) 10.75+0.38" 11.59+0.18" 5.88+0.12¢ 13.17+0.42° 8.39+0.29°
FILHE (mg/g) 2.08+0.07° 2.10+0.09° 1.09+0.04¢ 2.40+0.02° 1.58+0.05°
JFAEH £B, (mg/g) 23.90+0.63° 24.61+0.73® 17.08+1.35° 27.70+0.59" 19.54+1.05°
JFAEE #B,(mg/g) 59.00+1.08" 60.12+2.66° 36.72+1.43¢ 66.99+£0.27° 46.304+2.38°
AT (mg/g) 3.57£0.37" 2.79+0.24° 2.90+0.11% 2.85+0.29® 3.70+0.10*
i (mg/g) 2.08+0.05° 2.02+0.13° 2.30+0.03* 2.06+0.06° 1.98+0.16
&2kt (mg/g) 1.75+0.16° 1.55+0.13" 1.14+0.05" 1.89:£0.04° 1.80+0.13"
3 & P VD FELERE L L AR TS | 2R IR A

st 5 AP THIAR IR, RGHT lbEE A [F T
FATRITIN T RAG PR T 25 55 . S50 AN
TR I BEFEATAEER AR 2257, X 1 s
FEER SRR BER W 5 Ry U,
VFD ] LLA A 45 S A5 1) €003 RN 32 28 il o0 35 &,
AE {H (4.73) F1 WI1H (30.06) 3% T H Ay TR
(P<0.05), PL A IMLMR ( 6.48 mg/g) . 2 8 N &
(4.19 mg/100 g) . " FPESE E(13.08 mg/g) . S
(75.57 mg/g) . ¥ Al ( 214.95 mg/g) . = W HR
(107.14 mg/g) FI¥AT(81.23 mg/g) & .35 s T-H:
A T4 (P<0.05), fHEEFER (77.19 kW h/kg), i& T
VE Ry B P RIS = BREIIE ™ S JEOkE ND SR8 14 i 80
P (35.93°) T, A7 HOM Iz i 1) B AS 225K, Fenb e
(2.44 mL/g) K (2.45 g/g) W& m T H A T
ZH (P<0.05), At ST, PLIR MR Al e A
FHEANKT VED J98), 38 P TR SRESIR
RS s HAD SR8 19 BN R (10.28% ) FilLEL B
(170.97 mg/g) &t ves, AR OBCR AN Gy . B A1 ER T
TrEAUK T VED 5485, B MR 88 T AR A X
R, 38 FHTIN TR E  SRUR AR AR IS B

JSLAS T it JBT 2 A ol A 7 e S Y A4 PR A (]
VMD FERAE . BEFEAR, (EATERA B AN S AR, H
TR R TR RE S e S A IR 12 oA R 1 B

FUCRAT. AT e SRR oAb TR
O THREE A, 16 AP HLRBSERR DAL T T 22, Sy AT
A TR H AR ORI RAL SR RIS Al B2
S
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