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Effects of Freeze-drying and Spray-drying on the Physicochemical

Properties and Ultrastructure of Whole-egg Powder
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Abstract: In this study, the effects of two drying methods, spray-drying and freeze-drying, on the physicochemical properties and
functional properties of whole-egg powder were compared. Moisture content, water activity, solubility, particle size distribution, foaming
properties, and emulsifying properties of the whole-egg powder were investigated. The microscopic structures of the whole-egg powders dried
by the two methods were also compared. The results showed no significant difference in the moisture content and water activity of whole-egg
powders prepared by the two drying methods (p > 0.05), and the solubility of freeze-dried and spray-dried whole-egg powders were 93.32% and
87.88%, respectively. The maximum emulsifying activity and foaming power of the freeze-dried whole-egg powder were 0.338 and 62.6%,
respectively, and those of the spray-dried whole-egg powder were 0.248 and 53.4%, respectively. The data indicated tha the functiona
properties of freeze-dried whole-egg powder were better than those of spray-dried whole-egg powder. In addition, there were significant

differences found inparticle size distribution and microstructure between the whole-egg powders prepared by thetwo drying methods.

Key words: freeze-dry ing; spray -dry ing; whole-egg powder; physicochemical properties; functional properties

AR LURT S o IR, sl s dele . vk
HOWHEE. BN, R fTE. WuE. B B
PR~ 55 55 A T i R S, RN K )
JTEIRFE I B, e B XS i oy BEAR B B AR
Wis HHEA: 2014-06-16
HETH : IRRUF ISR ARF R IR E TR SHE) (CARS-41-K25); B
SI& “F0E” RHEBCEIE (60128402); MRETESHHRAR LW B
(2012DB6BNO50)

e S, #L, TENERSRMT SRS AR
BIREE: IBER, #0%, HIESH, TEZENEMRAEARRULESR
PRI T

AR 1 SR A Tt SRR Bk, IR RN
Mg AR R B, BT AR A, 2
SR A7 B P R R SR FIEARARRG S 4
R e s AR, HIN TR A i I 18] 252 1
JRIRLERAE, D, S b B AT 1A g FLAL.
TSR, AR S T SRR TEINE A,
HA S S R E IR UME -4 B AMELE T i £
W E R T oA BRI, RN B HBL R &
B IV R. P E PRI R T AT
FERESHE . T HAE B A A RN B,
PR KIS 1 5. by —, JFHARYIR T

147



M BEmBHL

Modern Food Science and Technology

2015, Vol .31, No.1

HHECERE ISR S FTH TOF RV 2 H T & 5 .

LA, B MG KR Tk i AR IE .
2012 4EXIFE, DIt ey R LUR AR
TR IEAT T . EVESE NIRRT XS EIE E T
BT, NEARYR R SAGT SR L E 8t
PRyt 7%, 2003 4 F B AR T WE T
Wi %A Y A MR B . 2012 4 Chen, Yu-Jie
Chi S8 N HOWF AT T W8 55 )8 5 5 2 AR TR s Ik
(TR FRIPU A A, 15 H 5 55 o & Al % 2R
5 KPL. 2007 4 Valerie Lechevalier 1 Romain Jeantet
VR 72 T 8 R Tk Ah AR 72 v S i 2% 115 45 W R T g
R HSSEER & Caboni MF, Boselli E, Messia MC
IS T 0L R 55 0 5% 55 - 4 TR A et
Mehmet KoG=5 At 7 551 155 A0 A Eoi R AR
P2 AT R s Bl

EAT, AH @] b 55 A B 25 v it
SN ER AL R A G S BE TER RS, AR E
(1 Aef A S LGSR b T 7 2o 8 10 4 BB B4 1 I
BTEER, T AR 7 2R = ) 2% A Bk i Th
RERFPE, MRIEAF R ThREREE, K 2 4 B A H
AT R, kT EEREN ENAR R B
BRVE, NEEEAEP I T RA S KR . NS
R R A B o

1 MREEE

1.1 FFERAFRA

WExE, KEM, W HA e Eree
Hréti

12 FER4%
Wi JidipEas, S¥s TR A HIE s -1

K BB A, ARV s fE
K, REkT R4 B TAE) 5 ALC-310.3 HT
AR, AL ZFIEML; pH S-3C K% pH it
RSB AR AT]; BUCHI 290 B4 T-15:48, i
-+ BUCHI Spray Dryer; FS-1a[i{HE#EsIHES, &in
AR HIE AR AT ; TU-1810 24T WA Yl B
it bR @R AR ST AR B AR TS
HLFDU-1100, YELA, HZA; HYP-iHiblr, HLIKE
BAC  EEARAERABRAF]; S-3400N 34 s,
HAHI AR, MB35 i Z/K e, ez iEpR
BB /AT] s Mastersizer 2000 WOGHE A, HHE 1
IR

148

13 ELBFE
1.3.1 A&t HlE&

L EMIHIE INEL T O A, DL R A
PR ) L R

AR TR T2

BB SITRSTEH. TE AL (90 min, 55 T)—4-2p
—>HA (-20°C, 2h) A% TR (&7 15Mpa, BE-45 C,
24 hy— Bk H— 8.

W 55 T4 T2

R SITROTEH. IESHALHE (90min, 55°C) -
FFR (HRGRE 180 C, HRURE 80 C) —hirbd—a
3 [10]
132 2&HKE A

5 FH BRI e A%, SR B T892, 1R4E GBIT
5009.3-2010.
1.3.3 WK E M E

FREX 3~5 g ik d k- P aliE 2 EmaE T, Tl
TEZK G FEACH B AT I
1.3.4 AT TR T XA HA AN E

{8 F Mastersizer 2000 WOGHL A, K 1~2 g &5
AT 258 KA, 0k A 38 5T I G e 4 d
B EIRAR 5347 -
1.3.5  BAF T IR XA 2B ML ML

TRV £ 44 FI R AR S-3400N 43 BT (SEMD
HEATIRE o KRR A B i B 2538 SJRAER A0
4N 4 b, F E-1010 (Giko) FRYES ik 5o fis
POEATES TSI 4, AR ERLT 14 B TN 2508

farh R,
L4 & FH o MR

1.4.1 BN

A RNV AR (V0 s VR BRI R T
%, A AR A B TP AT PR AR
TR IR B 6 32 10 mL FHY ZERE, 435 i\ 1000
pg/mL RIS A& A% 0. 0.1, 0.2, 0.3+ 0.4,
0.5 mL MK E 1 mL, MU TEARSEAN
0~500 pg/mL. #8543 AN 100 pg/mL 92555 Hrms i
G250 ¥ 5 mL, AT, 2 min J5 e T E
595 nm T EARE ROE. DUEAFE & (pg/ml)
BEAERR, WROGIEE (ODsgs nm) NAERR, ZxifilbnitE
I

VA Eoky A B O IR N 1% IS, =i
T HEEE 30 min, ZR 5 £E 4000 r/imin 2544 TS0 20 min,



M EmBHL

Modern Food Science and Technology

2015, Vol .31, No.1

B EJEM 1 mL - 10 mL B ZEREH, Ji 100 pg/mL
2 Ty i G-250 W 5 mL, JiEiRIRY 2 min, DL%
i G250 R R, 75 595 nm il e H AR -
R S 6T bR A i 2R A A5 AH R nvA AR o &
o
1.4.2  FUALHR

KR H pH 7.0, 0.1 mol/L rilg £
SR PPIATRCHT 100 mL R E0N 0.2% (V) 4
FR A, 30 mLE RS 10 mL K GRS, A
R A1 AHLLE 10000 rimin (454 R35 1 min DAE R&
FLR, IS 23 HIAE 0 min 5 10 min B MRS #E95 E
100 pL FLIR B8 T 10 mL 0.1%(%) SDS (mN) i,
T 500 nm A EW O GREE, LA Ao RRFLIE T

(EAD , FUbRaEt: (ESD KIFR1EN:
Esl = 2o xAT €
0 AlO

KP: ESI #4534 min; Ag-Omin BHag B EAE; AT-HA
M OB AG BT IE] 1] 1%, AGXFEEX 10 min; Agp-10 min AFa9 R
KA.
1.4.3 AN E

4K 2.0 g T/pestrh, EH 150 mLpH 7.0
BERR I, Jo /D B M RIS A 8, e
ZRREIN il HEEREA L, BA 2000 rimin )18 2545
1 2 min, B 228 (VR R4 B 5 31 500 mL =,
BEHUEAARRA Ve, F AR E R E 20 min, SREGEE
TRV, 6 Ry = E PP 3518, Ferh FA
FFS 2 AR i A8 ) AR AR e

FA O = ixlOO% )
100
V.
FS @) = szloO% (3)

1.4.4 HIEHHT

% FH Origin 8.0 #1575 22 53 W Ak 80 AT
it M.
2 HREDH

1 BRETRSES AR TIREEMIBWIET
Table 1 Physicochemical indicators of whole-egg powder
prepared by spray-drying and freeze-drying methods

KoyBZl% Koz IR
o BT 3.1540.12° 0.353+022° 87.8840.12A
AwhgTiE 3.0540.21°  0.2994015 93.3240.34°

2.1 FARTBRI SN RH 8AT

M LR, RV  6 4 B AT 2
TRRHS R E Ky SRR EER (p=0.05) .
W% 55 TR FRIZK 00 PO e TV R T HR K R
PEAEZE (p=0.05) , KIMEEARK EEmEAH T
DRI PR 2 BB WA LN 5 2 145 pH O 7.0
PESRBENE, HFAE pH BT T/ 737 K /A2
5 1 T R S PR R ARSI [, 7T 5 7K i e Bt
T SN S TR R AR TS
S EO IV L R T T RIS A A by, SR AT
REAEIE 5 TR (2 /N I ) A S5 TR, o
BB, PAERSEREREUDN, 5855, A5
Lo TV VR T AR A5 A B RIORER K, - REDR it /)
R 7

22 WMHTET XA E&2ERHILAER

051
041 T RLATETRTRR
—e— W Z I d z

03F
<
w

021

0.1F

c
0'0 1 1
3 4 5 6 7 8 9
pH

1 AT RS XA EM L IEN
Fig.1 Emulsifying activity of whole-egg powder prepared by the
two drying methods
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two drying methods
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Fig.8 SEM image of freeze-dried whole-egg powder
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