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Effects of Different Pretreatment Methods on Quality Characteristics
of Freeze-dried Blueberry Powder
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(1.College of Biomass Science and Engineering, Sichuan University, Chengdu 610065, China;
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Abstract: In order to explore the effects of different pretreatment methods (breaking skin, beating pulp, filtering, etc.) on
the quality of blueberry powder, vacuum freeze-drying technology was used to prepare blueberry powder, and its physical
properties, active components and antioxidant capacity were determined. Meanwhile, the main groups were analyzed by
Fourier transform infrared spectroscopy. The results were as follows: The physical properties and antioxidant capacity of
blueberry powder prepared by different pretreatment methods were different. Through infrared spectroscopy, the main
groups of the three blueberry powders did not change significantly. The whole fruit powder (WP) had good dispersity and
the highest contents of total phenol (5.48 mg/g) and anthocyanin (0.69 mg/g), and the strongest antioxidant capacity. Fruit
pulp powder (PP) had the lowest water content (5.47%) and the highest solubility (71.38%). Fruit juice powder (JP) had the
lowest average particle size (98.62 pm) and the highest glass transition temperature (43.71 °C). Although WP had lower

solubility, it had the strongest antioxidant capacity and could be used for processing nutritional fortifier. PP and JP had good
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physical properties and high solubility. Besides direct consumption, they could also be pressed for tablet processing or used

as raw materials for further processing of solid drinks. The three kinds of blueberry powder had its own advantages and

could be developed according to the actual situation.

Key words: blueberries; fruit powder; beating pulp; vacuum freeze drying; antioxidant capacity
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AP AR A TR AR

WA R (WP): AR ] Rl s A v 2R
PR, HRIE£—-80 °C WZR 4 h J57E—45 °C. Ha5E N
6 Pa YR URTIE 48 h, THREMURERERIN 1.5% ML
SLTHE SRS RE, 1 100 BTS20

WEFE LI MY (PP): WS AR 28 SRR s FAAE
THHLFTIZ, 43 BN RIK E & 2% MIPifAke . 55k
BRI AT IR EE Y LR 101 B2 ZERIRS, &0
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AT EIE Y & e 101 B2 2RI, SRt
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TRURT IR 48 hy TS BIRES I 1.5% MITImET
AL 2S5 E, 1o 100 H 555138 b
1.2.2  ¥EAEEH PRI 2
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052 SR MR FR R A 242 ¢ FNIRISE 23 b, SR
ff1: tanf= h/r'®,
1.2.2.5 #MrE FREC 1 g B8 T M I nA
100 mL BZE1E /K, i +E 5 min J5 LA 3000 r/min
B0 5 min, BUEIEW 25 mL T 105 C B4R p e+
FEE, T IS S SR A B
1.2.2.6 4y8ctE B 1 g B T 25 mL AY7K T
b, TR PR e S AR T 4R 2 SR 45
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1.2.2.8 PESILFEARIRE (Tg)  AKIEGRAAEESED 1
J7 IR AR 2, BRI 8 mg 22 47 19 B AR A 5 FE
0~200 °C MY P, FHEEEESA 10 °C/min. DSC
LA SRR AE S A TR HE, ITLAZS 508R (51 mg) A3k
HEATI A

1.2.2.9 A R 250N E R LT,
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1.2.3.1 Ayt SRATREARIE S e, B A58y
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1.2.32 HHEHEHEE R pH 2k W, Rl
B At R AL T 25, 430 B 1 mL $R UK
T2 3Z 25 mL teaqE T, A pH o 1.0 F1 4.5 &z oh
W ESRZE 10 mL, 7E 40 °C /KEEHS - FA4f 50 min
JEIAE 510 F1 700 nm WOGCEEETT AT K&, LA
I AGER -3-O- T

1.2.3.3 {RAMUAARE ST FESIREGR TS %
SRFEFSET (T, BIBGE B A, Hoeh Ltk 1:30
JA 70% Z. W, #A #EH 30 min JFfug, 1R 4 C
LRAERFIN, FE SRS ML A AL RE 1A B DPPH H HH Ak
TR ABTS' H 3L BR% . AR RE J1 5387

DPPH H H3LiEFREE I : FiLHil 0.2 mmol/L DPPH
VW, WEOCARAE . WEX 0.5 mL $#2BU#%+0.5 mL DPPH
YW . 0.5 mL £ 1%+0.5 mL DPPH ¥ UK, &GV
30 min J57E 517 nm W& H U OGHEE, 43501108 A,
A,, DPPH F H I BRF=[(A,-A,)/A,]<100, P
5.7.5.10. 20. 40, 60 pg/mL FLIA ML TR 775 W A SE 44
XTHE, DPPH [ 1 RSE R AL R h PR i iR > &
R, mg AEE/g DW .

ABTS" F| HFEIERRAEST: 4 7.4 mmol/L 1) ABTS
VEURAN 2.6 mmol/L S GRERFIFR 1: 1 1B5), EIRT
HECIN 12 he S FHERERR A H KR 2 '
>k 0.700+0.005(734 nm)75 ABTS TAER. THL 0.5 mL
PEP+0.95 mL ABTS TAEH; 0.5 mL Z.iE+0.95 mL
ABTS TAEUE; #5615 min J5FE 734 nm I %2
HWSERE, Sr5iE N AL A, ABTS' H i JE7E B R=
[(A,—A,)V/A,]x100, Pt 5.7.5.10,.20.40. 60 png/mL

ZER PRI AR 24 E 3R, mg AEE/g DW.
BRITJRRE ST W 2.5 mL $2 B . 2.5 mL PBS
2% P (0.2 mol/L, pH6.6) | 2.5 mL 2 &1L #0551k
(1%)FREE P, 50 °C /KHE 20 min, IHERHIFHNIA
2.5 mL =44 2% (10%), 3000 r/min &.0> 10 min, I

AR . B FIEWE 2.5 mL. 4liZK 2.5 mL. Sfkik
(0.1%)2.5 mL &5, ME 700 nm WG H, Bl
5.7.5.10. 20. 40, 60 pg/mL LI IR 7 W At BH A2
X HE, R AR ) e AL A R BUIR IR S 1 320K, mg
AEE/g DWW,
1.2.4 £rAMGEENE  FREERMLTA MG, SR
PRARER T R, Horp ks - IRAEHT o 1:100 IR G5 T
I ESFER b e RS e R R, B S G R R BT
H 20 46 L . B R Y F Fl 4000~
400 cm ', 43 HER 4 ecm ', B 16 Wk, FHEETH
kR H,O i1 CO, myTHi,
1.3 IR

JIT A EHE LS I E kR o 22 R, SR SPSS
26 AT B PE 4T Duncan's 22 5 W E 4, P<
0.05 A & 2 il i SPSS 26 #RAFIEAT R /R b AR S
S3HT; R Origin 2018 A ER
2 BR5SH
2.1 AREIFTAIES X IEE MR F M A9 220

AN TR AT Ak 35 7 50T W 25 9 1) 4 B Jo 5 i) DL
2% 1. BB (WP)/KSFE 5l 10.88%, LEAKA (PP)
RS 83 (JP) 7K 535 B2 435l i 49.72% Fll 49.45%
WP 7K4316 5K (0.30), 5 PP, JP 27 (P<
0.05) . UK H TN TR AR B2 (52, 7K 53 44E
PRI H RS, TR
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Table 1 Results of physical characteristics of blueberry powder
YR
PP WP P

KA (%) 5.4740.25" 10.88£0.52°  5.50+0.40°

IR 0.24+0.01° 0.30£0.01° 0.21£0.01¢

R (g/mL) 0.35+0.02° 0.28+0.01¢ 0.40+0.01°

A3 (s) 64.33+3.51°  76.00+2.00°  61.33+1.53"

RIEFOC) 38.41£0.36"  42.58+0.35"  36.04+0.55°

Vs (%) 71.38+£2.33"  53.87+234°  65.99+2.33°

SEEPRAR (pm) 129.82+1.29°  149.00+4.70°  98.62+0.80°

PESLEARIRE (°C)  40.02£1.19°  35.83£0.56°  43.71+1.01°

TE: [FAT R ARAN R NG PR RR 22 57 .35 (P<0.05); %3~3R4].

K E TR W BRAARFR BT, AT DL s e R
K3 3z A, 2R E AR WP(0.28 g/mL) .
AN s IR TRy I, 25 Bk, AL Rz iy AR
AHXTHEAG, JP AN PP PAAPUEAE Y25 85 T WP, Al fiE
SR AT S A B T A B AR, A A E R R
TR AN IS AR XT B . RIET WP BB,
76.00 s, iX 5 WP R BEEARAG —& LB, KR
KP4 25 75 T S L 25 FA s Z2F L, JUREIAI BRI, FEK
T 5K Sl T 22, S T gm0

PR LB A S WS B sh ik, IR 1 FR ks IS, B AT
B, IR IR, S 42.58°; JRITRMA
1kfEe/S, A 36.04°, =FhiERF M L shPE 22 5 3
(P<0.05). JP RE Rz FIsid, H&xk 1T ¥4k
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A RS R AR 1E L, PP RN TP WA
BIE T WP, B &0 SRR 4R A
PERLAYT, H PP F1 JP T8 R £k 35 ot b BRARE 45 JFURs)
difk, BT T WP,

KTk AR, JP R4S B /)N (98.62 um),
WP SRR (149 pm), HATERK, HRAR
FNFE—ERREE L S AR A, B F-25kn
AR, Uk ] 1Y 28 R 2s ]S ik 22, T o 1Y
PR, AT S A FE BRI,

BB ALEL AR TR R W ] T 3RAE B o AR R D
PNERAT N, B R R ER A = T I AR TR B A 2 50
AP FNZE P ] ;T Ak T el AT T IR A A AR TR
i B PR R P B s PP TP OB AL EL AR 1R )
A 43.71. 40.02 °C, /= F WP(35.83 °C), nJHE&H
TN T 22 ZERIRE AN BT HAA e A pr70) 5 ksl Ho kg
LS YIIE IR E LA, E T R BE
FEASFALIR R, DT BRI AR R, A3 = A5
RAEHIHA]

Xo W AP W PR FE AR R A T AR S A3 T, A
W3 2 K& 5K 500 B A & 3 (P<0.05) 1F
FHSE, FHICFREGE 0.940. ZHE 5408 IR1EFA . 3%
FEALSE AT YR 5 L 35 (P<0.05) T AE 5, AR A ik
R, FR AR Gh A ik s, B0k R] /)N, 5K Reas =S
Bflmi /IS, Sy eSS, BEESIRF AR IR A, S
R IE A 5 35 (P<0.05) IEAH G, AHE R B0 0.921,
stz a5 R 2 (P<0.05) Tt >e, AR
-0.817. Ayt FURIB) Fshrkns, 7K i 57K 5
TR A IS, VL. A 2 nT LA A
RERST PRV EFEAR Z AT BEAFAH I, X Ry 1Y
MR BTESZ BRSNS S A
FLARIR R A5 22 7 THI N ZEAH B A2 ) o

SAREEER RS AR UL T E 1. TP BRASTE
Sk 8.82~344.20 pum; PP [RiAE7E N 8.82~451.55 pum;
WP ARG 8.82~517.20 um, WP 7E 174.616 pm
oA H BT AR A AE, 2 RIS T AR AE AR Sy
A, JP. PP 43 BI7E 88.58. 101.46 um BT HH 30 i 4t

BEWE . ERTINT 22 ZERDRE RN B RAG S 0 R T W EE Y
(PP. WP )RiAE 5340 S 80 B R, /INJIURE 1] A5 i85
Mk 2z [l ZS B, HYR2SE)/)S, 3X 5 Cristhiane
LGP IR FEAEL . 7R AR AT 4 SR R AT GBS SN T
22 TR IR AT R S5 AR, (AR N o 2 [R]
AT 2 WA T T 2R BB R A A o

154
—JP
---PP
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S
i
E 6
3 ) .
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K1 sk iEl
Fig.1 Size distribution map of blueberry powder

FHER 3 Al R B LMEZF RS R, o H 3%
INELLREE, PH RN W E Y, WA LYE S 1Y
S P, ik 29.23, Fon RS, XA 2 Hhdun] L
BEOWE s LYME PP &Ik, iy 23.78, HE 2 AJ LA
o, =R AR LTS N JP>WP>PP, X 53¢ 3 i =
FhEARERE o TR/ NHEFARTS; D EERIS WP, {2
VE SR h AT DL S R SRRy 14 B £, T h=0° IR 4T 4
h=90°FR 71N B {75 h=180°3R /R £& (15 Il h=270°2N W&
e, =REREMAY h /0T 90°, BIHREBRLT (A
TP BN BE "B R (20.05), faiE M8 h Sk, B2
PSRN LT SR (0. TP, WP YRS EI4 ST PP,
Al HESE T JP S FE R I A T SR R BUS B9 46
T, MOPETTHR A WP h & B Z R R i &7
g | AT, XA R RERS S TG ERE
2.2 ARERERMES R IEEFHIEMER S RIS L EE
ERpA

WEREA TE RSy M b EARBE S IR 4. WP 1Y
ST AR R, 1A 5.48 mg/g, WP VR T-id Bt R g
WEBRR IR T A, DR A e 3 B0 SR By gl ot
AR R AL T R AR TP EM . PP 1R Al

2 R AR OO R
Table 2 Correlation table of physical properties of blueberry powder
e Koy E i KOG foxin SyHLPE NI ik SFHPRAR PSR
KA 1
IRy 0.940™ 1
KE —0.883™ -0.963™ 1
SyHCPE 0.951" 0.923" -0.934" 1
NIt 0.908” 0.987" -0.979™ 0.9217 1
b e —-0.915™ —-0.801" 0.684" -0.817" —-0.757" 1
SRR 0.772° 0.922™ -0.974™ 0.853" 0.950" ~0.568 1
YIS AR R 0.840™ 0.918™ -0.974™ 0.915" 0.936" -0.590 0.951" 1

TE: “*"FIRTE0.0SGU (WUR ), FHSEME 25 *+" FoRTE0. 019U (BUR ), MG
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Table 3 Color parameter table of blueberry powder
LpLkaRdn
PP WP P
L 23.78+0.02° 28.70+0.01° 29.23+0.01°
a 15.05+0.04° 17.65£0.01° 19.99+0.03°
b 3.34+0.40° 5.32+0.30" 1.60:£0.40°
c 15.412£0.04° 18.44+0.20° 20.05+0.30°
h(°) 12.49+40.16 16.76£0.07* 4.58+0.10°

WP

K2 sk
Fig.2 Picture of blueberry powder

HHEESES WP T, KR#F2E5(P>0.05), H
oKy (PP) 55 8 5Ly (WP) #8354 S Bz A S i, (5
PP IRE N T 22 ZERTRG . PP A e 53R 2571, A
[F] o W ARy v PP s skt N IR WP, {EPN
H RS EMAAFERGTEICREZER .. XTaEER
IR TR — G, X5 Ak
W2k | AEE RGPS TR E R

T4 BRI KA L RE

Table 4 Active components and antioxidant capacity of

blueberry powder
B TR
izt
PP WP P
BB (mg/g) 5.29+0.12°  5.48+0.46°  4.60+0.17°
1 % (mg/g) 0.70£0.03*  0.69+£0.07°  0.58+0.03"
DPPH [ 37458 (mg/g)  12.88+£0.48°  15.79+0.20°  11.44+0.20°
ABTS' [ B354 3% (mg/g)  18.54+2.09° 21.3140.28° 16.28+0.42"
BB TR R BES (mg/g) 17.25+0.08" 18.23+1.99° 14.95+0.56"

WERF R FRE P S E EENIET &, M JP
AN AR R A, B ARR PV IR R AE T 2 THEAR
[BIHE, (H T HRBONSE 4 H 3R BGS  Hh 3FE 458 A,
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