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Effects of different drying methods on the physical and chemical properties of
yellow flesh kiwifruit powder

LUO Qi-Qi', LI Yong-Fu'", SHI Bin', XIAN Pan-Pan’

(1. Guizhou Research Institute of Modern Agricultural Development, Guizhou Academy of Agricultural Sciences,
Guiyang 550006, China; 2. Mingde College of Guizhou University, Guiyang 550025, China)

ABSTRACT: Objective To investigate the effects of 3 kinds of different drying methods on the physicochemical
properties of kiwifruit powder. Methods The kiwifruit was treated by 3 kinds of different drying methods: Heat
pump drying (HPD), hot air drying (HAD), and microwave heat pump drying (MW-HPD). The powder properties,
color, total texture, microstructure, vitamin C content, and odor were measured to select the most suitable processing
method. Results Under safe moisture conditions, the powder yield of MW-HPD was significantly higher than that
of HPD and HAD, with a looser texture, smaller average particle size and overall color difference. The hardness,
stickiness, and chewiness of MW-HPD were significantly higher than those of HPD and HAD. The surface of
MW-HPD particles was relatively flat, smooth, with less tissue stacking, and a significantly higher vitamin C content
than that of HPD and HAD. Nitrogen oxides and sulfur compounds were the main odor components in kiwifruit
powder, followed by aromatic compounds, sulfur organic compounds, alkanes, alcohols, and some aromatic

compounds. There were significant differences in the odor of kiwifruit powder from the 3 kinds of drying methods,
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and electronic noses could better distinguish them. Conclusion MW-HPD is more suitable for use in the processing

of kiwifruit powder.

KEY WORDS: drying method; powder properties; whole texture; microscopic morphology; odor analysis
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WRBER (Actinidia chinensis Planch.) 2 BR Rk EHIRBRE
& Z A ARANEY), 7 o ERF R L IX, HApE
R R RSk, £EZE, 2022 4, BEIE AR
Rk Bk 15 AR 130 BRIk Rk
Repyede ¢ Z2EP, BEAZRAEYEERSY, e
SR D, BRI E R LA E. BTk
ek ATt gE T, (RAREAR, MOEBIRER S,
RIS By IR R S R 2 G O, AT Hh SR X B A
Y ey I OL

ST H L T BRGNS
B AR E R T 5, AR e ML . B
BAAR . JFURHRI 30 L B IR B XA A 3 . v
TR SR, B SO BRI T — gk sl IR
MR T EEA T RART R T2 0R T s
TR ey PR RE UK . RERER . RERTK;
BFRAMRR R B AEER R L o I R R S ),
B 2T T4 G a ok, AT T U S 7e e 7t
PR PR TR R R LR T s HAT L. (B
B i SCBRAGERE S T1 7 i I 58 A SR E 82, il n
ARBE I I Bk s 2 T8 T 24k e 4k % C (vitamin
C,VO)RE AR RUAEEAT T FFE; WL SO 2 VR FH i R 1 2 0
6T BRIERE SRS OIS 25 T T 2450 TR 2 g T
POTHE . AT, BT ARG s TRIS
TR AT BT BRI RY A5 5 S 5T . 3R o L TEOM A )
IKATARAS BB AAPE R RE I o T e 3R P R Bk S 4 1Y)
THE T K N5 TR AN R T, TR A A T M fif
TARE

KT, AR T XTI . R TR M i B
A AGE TR BRAGERR S G T A2, X A (A T R A
NG5 F 5 7 AT — € W38T, AR BRIERE A 4 0 T
S

1 MR5ERE

L1 #Rt5iEF

BB AT e 2R i SN SRR IR A m B

WARFR A, BRI =45 . AULRE . MU ARER(R
a2, TR T AL R PR |l); IR L R AR 1 i (4
BE 99.0%, JLRURIFERHA R A, FRA(EkaE, K

Sigma 22 Hl); BERR SR (fh2eal, E255E Rk AR A B
/NNEI DY aVAN o8 S T~ SN R 1211/ G VL W W 7 Y (VAR
PR R ABRA W), I (EESE, S5 Fisher 24 1),
1.2 UE5EF

DHG-9053A S AT M4 (i — B2 AU A RS
F]); HT-KRZH-11V #GEHET ML 85 7 8 B R T RERH L
ABRA ), WBZ-10ML % REAb 2SSl B s T AL(5% B
HA O T A FRFAE A, ALL OB EHL (R [ IKA 2
Fl); MB35 gL AP K 43I0 22 (L (35 E OHAUS /A #);
ATX124R 2 #F K (K5 0.1 mg, H A S HA A,
HELOS-OASIS 4= B 3l T AR LB A3 (75 [ 28 e A
Al); NH310 82510 % = B RHE A BR A H); TMS-Pro
JFEHIAL(EE FTC 23 wl); SUS020 F3= 7 s
MC1000 & Tk S (H 24 HITACHI 23 H]); EX250 X #2k
BETE (L (H A< HORIBA 22 H]); 1260 & 30AH @518 (34
Agilent 3 )); Sapphire &%) Cs {44 (4.6 mmx250 mm,
5 um, 3 [E Sepax /A #]); PEN3 i # X i 1 5 (4 [F
AIRSENSE 2\ #),

1.3 ERREESR RIS &
1.3.1  HpMeb T et 432

VR 6~7 B, BHJE 2 kg/em® Zidy, Ay
W =10%, £12 30 mm U FHEETRR/DR, LK
JEVIR 5 mm B R, 0. 2%R WA R A ANIE W, DL 1:5
(m:PRHR LRI E & SR 30 min J5, W/KBEHE
30 s FHWT K, W& A TRV T&2 0 L
HATHET .

1.3.2 TRt

I TER M R R A AR KRR T, %
BIREAE 55°C, FHIXBLUERLE 0.5~2.0 m/s, FHRFTAK
S 5%, RATE 9.8 h, FEALICA HPD,

PR B RR BARK AL, & SR
1E 55°C, FIFENR, ZRRALAKDEESWUAT, RATE
16 h, #ihic A HAD.

TROHE I IR TR A5 1 K BRABE R SR R il T sk i T
O TIRE N, WESHOTEEN 0.08 MPa, YklH G
(kg), PIKIKST 85%, TR FEL 0.85, WEHRAS K 20%,
DI 2000 W, 1500 W 435 T4 4 min, 1000 W T
3 min, 500 W T4 6 min, 300 W T4 15 min, =3 F 24K
S 20%ZE A0 o OB T R SR B A P A AR
TR, BEERETE 55°C, #EH RALFEELE 0.5~2.0 m/s,
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FERALAI R S%ULT, LTHEKRY 42 h, FERICH
MW-HPD.

W TS ISR F AR H S %5 R R
133 & &

BT SR A BT AL, A SRS
7 0.1%B5 MR =45, 0.8% A AbAE. 0.2% MR, KiFr
10~15 s JFEBUH A 100 B, AR ABL 7 1) S8 7T - OOR AT,
BT HE TR,
1.3.4  BRARAR 2 AL H M ) 2

(k&

Z: i CANO 2R J5ik, MR LT Rk
RS TRRERREE S, maa).

X/%="L x100% 1)
nmy

o XOABRREBE SRR R, %; my N RE)E LR R,
g my AT BRTERIEEE AR B 2.

QK&

FH MB35 g3 R s 7K 430 5 S T2, AR
3 WHCFHIME.

(3)HEF 4 i

HERAREL 5.000 g BREHERY, KEARBEARY LU R A9 T
TR EETEA 25 mL S, SRR Sh AR oR 14 2 1T 3
AKF, O v, HERUE R A A R(Q2).

B=7 @
st B MR, gimLs m WL, g VAR mL.

(AIRIES

U e IR b, Ul R T 8 em, TR
T oK RCE — R B AR, 10 g SRR TR & N 2
ZEA L, R TS T LMY, RBURTERICHN
2R, BHER LN H, Rk AR/ NnA=@3).

H
A’=arctan ] 3)

K A AR, ©; H SRR RS, cm; R R
R R R AE4E, om,

Skt
Fil HELOS-OASIS 4 H sh T B SR ST 5E o
(6) A i1

1 g BRABEHIINA 50 mL 28487k, TERERZ 4 L
F S RE 5 min, 3000xg 0> S min, B F 40 mL FiERT
105°CC TPt EE T, T8 R EIEY & & SR H
Bl =4).
A
Y/%=— x100% 4
1% P x100% 4

i Y NBRRBOR TR I, %; 4 08 B3RP IEIEY)
MR, g5 B A BREEER 1, 2.

(N

SR A 2SO 2 BRI B 58 o LAYES BTl 6k bk
HE, 2200 & W RE L (L=0 % B, L=100 F/Rn A ).
R IERE o (ERFRRL 0, BRIl b (IEF R
wO, fEERIER),

AE=L-LY +@-a" ) +(b-b") (5)

P AE JBREROR SRR AE IR (L™=79.08 . a'=4.12.
b"=26. 7)) (A 2MH; L R WRE 17281k, a MBI Gk (A (-a) 5]
2T (+a) 7Rk b RN € (-b) B Bt (+h) B R4k

()Tt

FH B A AT 42 5 #4) I 5 (texture  profile analyses,
TPA), MRk 30 mm F#ERL . &G 1.5 N, Wik
T 120 mm/min U5 3 B 600 mm/min JE4EH 43t 60%.

9IS
AR 7 BB TN, g HANITE S .
(10) VC

VC I E (£ GB 5009.86—2016 A hHidk
LR I ) o i s OB 37

(RN

P H - X A ] A 3y A 5 A B SRR 14 0 3
(% 1), IF H #4785 20 . 32 805 48 i (principal
component analysis, PCA) Fl £& 4 | %] 43 # (linear

discriminant analysis, LDA).

#F 1 PEN3 EEXEB TR KR

Table 1 Performance of PEN3 portable electronic nose sensor

MESITS IR 44 PR PERER IR wE
S1 wiC A EY % 10 mL/m’
S2 W5S REAMD NO, 1 mL/m?
S3 W3C A, HENT # 10 mL/m’
S4 W6S A H, 100 mL/m’
S5 W5C W& S5 Mt F T | mL/m’
S6 wis PSiEs CH, 100 mL/m’
S7 WIW WAL EY H,S 1 mL/m’
S8 w2s EBE fﬁ ,;jéﬁ% CO 100 mL/m’
S Waw HRMEY . W H,$ 1 mL/m?
AHULED
S10 W3S ezl CH, 10 mL/m’

14 HIEAE

KIS E 3 AT, SRR RELER
Winmuster #4317 #0547 . PCA 1 LDA; H WPS,
Office (12.1.0.16729)#EATER G 143471, 45K LU B+
Frififm2E3eR, I SPSS (25.0.0.0)8 B E M1, BEK
Sk P<0.05.
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MFE2HATUFES], B 132893 T =% 1.3.3
R T A BRI AR SR K A B A S%LLE,
KRS T G TR S IR M B AR bR,
FORUL, FKEMAL, FERITED N AR S i EF, HAD 5
MW-HPD FI7K 7 &t 43 50 4.13%F0 4.26%, Z5A5#H
(P>0.05), HPD Wi/kE5E4:, K& BB, {Uh 3.73%,
WEET HAD 1 MW-HPD., 3 Rl 105 s R G W
&2 5(P<0.05), MW-HPD HH Ry R I8, BEBE 68.07%;
HAD B R, AUN 21.46%, %5 d KRB/
JFARY J: MW-HPD>HPD>HAD, HEFH%% B 2 ATEH B4
A B — 101 B B bR, 2 S i 22 LR 25 1 S 5
RN M3z i A R e o 2R, S [l — MRk
AR B B I T AR kL B B A U 5
Hyzs SRR N . 3 i T8 5 = 4 BRI A HE AR
EAEEE S (P<0.05), B KB /MK K R HAD>
HPD>MW-HPD, 5| &2 ixX f 8 4 i = 2 5 [ 7] g &,
MW-HPD 7E3E BB, PkbfE SRS T s . P
B, NTRIE BB A 22 L 04 I 2% 25 4, S0k [R] TR B K,
N HE R B AR/, T HAD 7E Tl #2 b, w5 ekl
[LTBj 55 0L D o o S 1 3 b YA s & ol T A 3]
BN, MERR B R . IR IR MR AT R IR TR Bl M A B AR AR,
SR T R A ) P Sk R BT PEREL), Rk A,
PSP, B R S, — R IRIEf 0<30°m i
Bl kAU, 0 40°mF BT K AR R G IR B pE Rk U,
WM-HPD [k 1E /N T HAD 1 HPD, [t WM-HPD f#4
WAL ST HAD 1 HPD, H=F [ ZERA B E.
WM-HPD W% ms/NTF HPD, 3 Fh 10y X5t Bioor
PRV Al 2 25 57 . 25 (P>0.05)

3 BN R 0 =X A5 BB R SR A kAR 4y A

F2 AREITFHRA IR TGRSR
Table 2 Influences of different drying methods on the physical
properties of kiwifruit powder

e T
biRlIET=2
HPD HAD MW-HPD
KAy /% 3.73+0.15° 4.1340.34° 4.26+0.41°
HH /% 43.46+2.43° 21.46+2.64*  68.07+6.89°
1 3% pF
HERUE 0.39+0.009°  0.40+0.008° 0.36+0.010"
/(g/mL)
R1Eff/° 43.30+0.20*°  42.91+1.04° 41.7340.82°
TR0 % 22.0840.11°  21.94+0.13*  21.97+0.57°

T R A RNG FREROR 22 57 B35 (P<0.05), 3% 3~5 Ao

W 3 Fim. BidE R/ REFUF-SBPRIAR Sy, Al R 32
SRR A I dE AR, T ERAR Dso X iR, 8
W SRR R IR SRR s S, RIREIRCESRAR, K
NSRRI R L, S (EAK, AR /N, B
RALBARITOR KN B ST B, BRI, FRRR 4
At AU f g 3 AIE S, AT SRR
) Dso Fil Sy #FHAT 25 22 5(P<0.05), Dso B K E/IMEIR A
HPD>HAD>MW-HPD; S, i K 3 /N &K & H
MW-HPD>HAD>HPD, #JiitH] MW-HPD 45 M HiFp+
WO R RLAR N, R B RLAR 434 Lok E, MW-HPD
A HPD Hl HAD BYRiA2 434 34%], HPD #1 HAD — 3]
EHELERS AL %, ZHANG ZUSH5y 0, FaikA
FBURLE /N, FEh MR, X —25 RS R 2 hIRIE AR
A A .
#=3 AREFEAXBBRRRBAONEZESTH

Table 3 Particle size of kiwifruit powder processed by different
drying methods

- T =
iRl Eiegan
HPD HAD MW-HPD
D¢/um 74.65+2.22° 52.14+0.19 44.64+0.43"
Dsy/um 165.51+1.86° 119.99+2.74° 111.13+1.49°
Doy/um 316.81£18.39° 22277£13.90°  234.22+7.38"
Sp/(cm”g) 166.60+4.84* 223.84+0.35" 239.90+2.80°
AU 1.4620.11° 1.42+0.09" 1.7120.05"

22 FRERARXEERD G IFNEI

NGRS WO Y 35 S DN ERE S EE N L pA ]
(F4), \BIEME L" &, HPD 5 HAD 22 5% R B2, #1/)
F MW-HPD, W] #85 T i} i) 94 4645 3¢, HPD 5 HAD
L MW-HPD JIr il () T BB IR 4<, 350 T AR sk e 25 <
TR R B ], B R A R R A AR AR R, B
BF U0, 2t T ) B A POV A 9 T R e I X A
BFEM R R, NaskE « E&, HPD 5
MW-HPD 53482, #/NF HAD; HPD 5 HAD [
W b ERARE, ¥WRKT MW-HPD, titnl LG H
HAD # I, T* HPD Hl MW-HPD % {g 41, HPD Fl HAD #H
LtF MW-HPD 3 {8, 2t 28 {05 5 n] g 2 &g R
e N ] AR 1B R )l At e S | e o - )
LN MM AE (520024 5 5 2(P<0.05), MW-HPD (1
BARGER/N, BT HPD. HAD, VALADEZ 223
W R W BoR, 5 HAD MIEL, B8 10 A8 9 47 1Y 14 8
P, SAMITS R —E.
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Table 4 Influences of different drying methods on the color of
kiwifruit powder

[isalllEsg 7N i
HPD HAD MW-HPD
L —8.55+0.23" —8.72+0.26" —-6.94+0.07°
a 2.26+0.03" 3.96+0.04° 2.18+0.05°
b’ 21.11£0.03°  21.60+0.15" 17.43+0.17°
AE 22.89+0.11° 23.63+0.14° 18.88+0.17*

2.3 FREAANERIREBE AT

T AR5 R A AR SR R 1 S5 R AR X IS A A A
B, E R PR T T TPA 20 Hrilit . 35 4 3 Fb
AN T SOBRBERR 0 BA RE 2 8, AR 5 TR
FBE, 3RO AR Ty . MR R . MRS
AN W B (P<0.05), REM RS AR B
(P>0.05), TI BB th TRl T4 4R 22, PRk R 4 1
1) 33 1T S A BB IY R 5 A R, LB i Ak I S i Y 0
PE, S0 8 T AR AL G P R R, AT SR PR Y 5T
FRH, MW-HPD 7K F AL B2 b i i3 | b . me
WP S 2 R T S AN R O =X, R T S,
A AT AR . MW-HPD X ok Ui BRI Y, X485
St a] LM B B RBLH, MW-HPD Yt (E 2
=FZ iR, B MW-HPD B AT F T AR IR

F5 FAEFESRIEREYRARZMm

Table 5 Influences of different drying methods on the texture of
kiwifruit powder

oRlIEEEAN LR
HPD HAD MW-HPD
W J)/N 134.20+0.26°  102.30+4.95° 15.40+0.78"
fEEE 1/N 143.13+£9.62°  99.60+£7.03*  221.60+9.33¢
BARFMII/N  —030£049°  —0.10£0.00°  —0.10+0.00°
FhibHE/mI 0.11£0.04° 0.05+0.02° 0.08+0.02"
TR 2/N 117.73£11.00°  84.33+4.44"  218.63+14.84°
§#PE/mm 2.28+0.43° 1.34£0.30° 2.01£0.13°
RN E/N 78.90+14.59°  44.80+9.00°  119.47+10.46°
THIEYE/m 196.20£0.36°  58.21+7.10°  226.52+7.69°
Ja /N 13.68+0.44% 16.53+4.20™ 19.08+9.32°

24 TR X BRI R R 57 A 220
1S [y 2R Bk SR O AR, th T
AN TR L B AK S RS R A AN IR, i 4 A AR Ak SR
I RE i OSSP A B B 22 5, R 2 B TR R /AR
W), UKL RS, AR A, MBRENIES. hE
A~C, A F 5], HPD Fl HAD ki 2 1] 25 B 48 MW-HPD X,
MW-HPD RE M5 5] 5 22 5 /)N () R e - ) SR 7 K1 )
[, HAD Wik K/NES), SRR a5 R —2G dEl
A~C, A WEZF, HPD #1 HAD ik 2% i B HLRE, 3 B A

ST BRI FLARZE A RO R A HE e, A RS2 H TR B ] (Y A Ah 2
iRl T & 2R R4 TR . MW-HPD 0k 26 11 45 - 4% |
He¥, HEMES A, WRER R TR TR R, K
HORR, fE—E R MR FESRE A5G O¢, Sk
S g 2 R — 5
2.5 FEARXFRERRER VC 22N

VC Xt SAFNSEER S IR, Tl R ik 5 Adb
B, E 2, 3 FED TR AR BRI B VC &
A B #E E S (P0.05), H & & KB MK KA
MW-HPD>HPD>HAD, HPD 1 HAD T/ F BRIk 75 75 5
Bz R RIEREE, i VC I BRI G E Rk
FEFRINPRS, S8 VO A, AR T T A A
TN TR B = (BN PN )-8 R SR 4R e 2 g 1 S
MW-HPD #J VC 5,
2.6 LA XX FRIERHER D SIRAI S0

J T RIS TR B T8 SO BRSO & MR
M SR, i B T 8% HPD . HAD K MW-HPD i
ATHF LN, T T 88T . FERU T R gt A
BoHT, GERANE 3~5 it o B oA o R e 3 o A
AR 0 S G A5 ] 4 2 DDA RE T, R HIA 10 AME AR
XA Tk S, A R i B (BT T 1, A
TR, HE 3 B H, WSS Hil WIW LSS ESR— .
B BRSO PR TTECRI ML 70%, SRR K, XHERE

: A. HPD; B. HAD; C. MW-HPD.
BT AN R T4 7 200 B Bk SRoms SOML TR 58 14 5 )
Fig.1 Influences of different drying methods on the microstructure of
kiwifruit powder
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100000 {EE/N. 5350, Wi 5 iR, 3 AT r i LDA A
3 80000} B X 4y, R ER 48 BB S5 407 1 4 1A () 1 ikt
(=) N My =3
E” 600.00 | a X BRI
ﬂﬂ? 400.00 N ~
5 . 0 3
£ 20000} 5 /]
S 03} MW-HPD /HPD
0 o o2l /Y /
HPD HAD ;{( 0.1 :\ \ [ F
TR TS Y
FI2 R TR X BB SV C o # o2 i il
Fig.2 Influences of different drying methods on the VC content of e
kiwifruit powder ® 04 v A

~ 038} WIW=  wiC
X 07l W3S
=N [ W3C
S 06 WoS
< 05} ~
18 W5C

0.4} wi1S
= 03} Wiw
S Yo pavis W3S
501 W1S

—0.2- W2Wl
03]
& 04|

-0.5¢ _W5Sa

0 01 02 03 04 05 06 07 038
85— F (B EE99.88%)

B3 AN [T 05 =B AR S 8 AT 20
Fig.3 Loading analysis of kiwifruit fruit powder with different
drying methods

R RS AR, AR SR i 2R
BRIy, RS ARG A RS R
SRS . W2W., WIS Hl W2S 3X 3 &S 5 Tk R %
F WsS M wiw, UHFRIEY . N ENLEY . b
25 BRI O A RAL A U AR SR i S Rt A
FLoTEK, AL RS TRk T 2R AT

PCA 2 LIHUS B 2R, A s AR — R A
— KRR S, A a5 2 ] A AR SRR TR 3 v B A AR AE
ZESFHIR/NZL A 4 FoR, H—ERS T ETREE R
99.88%, HF FE WS 2ZETTHRER 0.09%, FitJr vk
4 99.97%=85%, HFIHSASLE>95%, FniIEr
SURME BB R4, i Ba Hf ks, AT
FASRRAEARAGER RS 0 R . W] LR SR 3 FgRape
BESR R REMS 1 78 2 XA FF, B HA R ZE RRK, Ty
FOU BB 1 A 55 3 R

 LDA F, H5 LD, 5 LD, BY5TlkR 45k
88.74%71 9.82%, KA TTHAR Ny 98.56%. 3 HFEMIEN —F
By B ERARE, FEERAES - ER b, %8
5 PCA H5RAH—3. 3 Tk HPD k41
B — T B sTEkE R R, k)& HAD, MW-HAD 51k

6 & 10 12 14 16 18 20 22 24 26
Si— E R (EE99.88%)

P4 AR T4 07 SR BRI SR 32 02 2 A7
Fig.4 Principal component analysis of kiwifruit fruit powder with
different drying methods

—~ —784
~786
—788
g ~790

9.82%

HAD

e

-792
= —794 -
7% oy
. 798 d
-800r __ HP
wr —802} e
&
15

AR

Vi

BoE

/u
804} Wk

2.7

MW-HPD 10°

2725 2735 2745 2755 2765
B— F AL 5 88.74%)

5 AR 4 7 2 R A SR 2 1) 331 2 A ]
Fig.5 Linear discriminant analysis of kiwifruit fruit powder with
different drying methods

3 & 1

AWFFEHRTE T A [E 0T 7 SRR AR PR ARRAE | £
LA BOWEER . VC SRRV, 45 R BN
L4 KAZ T, MW-HPD ¥R B %5 T HPD
HAD, TEHifS, Faht: s 25 A B3, MW-HPD i
- BpkiAz /N, HPD 5 HAD KiA% 43 4ii #134%) JHPD 5 HAD
B €7 b MW-HPD B B 5 T W, 20 €5 O g 21 04
MW-HPD [ k24 8 2% /N F HPD 1 HAD, MW-HPD
AT RERE . BCEEME . DHIEM: . MetkR
FHBAHF T4, HPD F1 HAD kL [6] 25 B 4%
MW-HPD K, HAD ki R/NaE 5], SRR A I 25 5 —
3, HPD Ml HAD 0kr 2 1 SRS, JOf HA 51 IR FLAR S
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