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FRN E O B E BT JRRE PR A A A XK ) o 4
JREISEI, 9 SR R A T i SR B R A

1 MREREE

1.1 #RERF

Jit B R S ) PERB N UK IR SO A A BR A B3R A HA
W T V0 S MR AE R A BR AR 22 2R T 1L R4
HAEMR A RA R HAKHI A o ais & fh .
1.2 XEE5EE

DM-ZF100 73 & N EE AL, i 11T 2R B N 28 FBH A
FRAT]; S-90B fHH i £LHLA RS02C Eft K k2%, il
AR ARG IR AT, UH-12 R A = R B AL, 7k
BCAEIR (R HIRAF; LPG-5 5.0 % Tl
A1 1/2DW-550 1y He W o 25 26 4%, ) N T 288 28 2 ML il
EHR AT LS-POP(9) WOGKLEE 73 Al,  BRifE KR T
BAHM AT HAAKE MARS 600 #2214, 3% [E Thermo
AH]; GCMS-QP 2010 Ultra S (38 % e A, H A
EyHEAT] ;s Merlin RS BT A0EE, 151 Zeiss Ao
1.3 /B &

1.3.1 45321k 2 0a0 4 &

B K S5 KR 12h 5, H 85°C HukLLE/
IKEER 1:3 (g/g) BEAT SR —IREESR . HUEE — IR EE S IR 1)
T, ML 2 R KT IR, IR
KR NRARSA, i 120 H¥EA (L2 0.125 mm), R
A ESRNON ) G I N ZERE IR HA, SRR
LR (R B0 40%, 8T I E 4 BN 0.
0.5%-+ 1.0%-+ 1.5%- 2.0%. V&7 23 pH{H % 7.40, it
T E Y AL EE (0. 20, 40. 60. 80 MPa) . A
JE W S 28 6 AR AT KON, IR PE 135~140°C, JE 7
0.01~0.03 MPa, &5 {REF 1 min, B A% 50~
55°Co ABRES it F 550058 55 T SR L2 SR 1) PRk ALK [T T
Y ELN 6%, (BIE Y& S m P RE 5 5 gkl
FEeh 5 5 FE F AL 2% HABOR 5T, TR A 56 % ) e
AR ANG G T & BIRAEZ 20%, HEAT W% T4
HERRy . FXEE RN 175C, HXIEE AN 70C. &
kit 50 A (L% 028 mm) JE B EHUAE, FIRI .
1.3.2 kbR

ABEEE T (bulk density, g/mL) . RSZ%E (tapped de-
nsity, g/mL) . JE4iE (compressibility index, %) FAK1EA
(angle of repose, (°)) [l 52 2% PEKEL 5" {735 .
TEVREES[A] (wetting time, s) F14> HUf ] (dispersing time,
s) Rl E 2% CHEGINI 5150 753
1.3.3 #amin

2 W ENSEN 5, BUEE TR, DLSHEX
TR 8] 2 FEAE 6 b, S FH B - DB DSORT Lk A7 Mg 4 Ak
H, SREHHMAFETE, Pl 1S kV K ERTS RS
HH 7258 (field-emission scanning electron micro-
scope, FESEM) AR %2,

1.3.4 s2XhdiEsasE

SRRk 42 (volume average diameter, pm)
[l e 22 Z00 S (7, B SRR LAIR K EL 1:8
(g/g) MRJE, FIFHBEOCRLEE HTGHAT I E o

1.3.5 2 XBiRE e s EA R A4

S B EHAE 7k, RS . TR LK
KEE 1:4 (g PPRJE, SRAS SRR CGEATINE .. #E
WIRL EALHN 60 mm, [A[FR9 0.052 mm. & H AR
9 25°C. BIYIEZE N 0.01~100s ' EE N BRI, K
FHEAN 12.7 mm BIEREF R ~F N 4 mmx4 mmx15 mm
(I 2%, FESTRINE N 400 L, AR R E N 20N,
Mg HAE 37°C 2600 R KA diE R 0.1~200 mm/s 76 [
DAY P JEE 5 SR K
1.3.6 e e BB IR

%% GB 18 738-2006 (id A &AWy ) i sk
BESR, WIS TR E I R 1. EE M
10 &l & RERE MR N R Ak, Bt
%50, FERY N 20~30 & BT RRE T BENL GRS, B
TRCEVENY . BRUORRIEIR RS, CARTRR N U B IR -

#z 1 {SFERUERMEEITEN

Table 1 Sensory evaluation of calcium-fortified soymilk powder
fabn TR s
Index Evaluation criteria Score

FLEAaBRE, AE 9~10

o B, WA 7~8
Color HEERE, ThE 4~6
It HRY 0~3

HEREAES, WK, TRk 9~10

LS SEWHE, TCAEMRE TRk 7~8
Flavor AR, BRIk S Rk 4~6
SRk, TR, RRIOK ™ H 0~3

AR BN TR 9~10

i 5 PSR, B TR 7~8
Smoothness 1 HH S5 R R % 4~6
FUBCHELRS, il g 0~3

AR 5 9~10

I HUB BT S 7~8
Thickness S BB 4~6
SR, ToR R 0~3

BOREA G, WEEE, TRk 9~10

Wk IR, BHEE— R, WA 5 TRk ol A vk 7~8
Taste AEEAEE, AR Rk 4~6
AR O™ E, FHERZE, A& 0~3

1.3.7 BE MRk i oz

S Hit /NI [, HRETEED. KGR LY
KEE 1:4 (g/g) Pif)E, HUS mL A5 E T 20 mL TS
BURH, IINWE 17 F1 1 g NaCl, F % H #ORH % &
FESOR, BT HIPEFES (BEHEESE 600 r/min) MG
b, B A ACEEE, 45°C KB AR 30 min 5, B[
AH 5 RE B e N ASAH -5 3 B B 1 (gas chromatog-
raph-mass spectrometry, GC-MS) 47 7347 o

K DB-WAX fBif: (30mx0.25mm, 0.25 um), HHE
FHREE 250°Cs A iiditt, B4R (99.999%)
AR FREFAF: B FIRIRE 230°C, HEEER 70 eV,
B UEFE 250°C, DUATEE 150°C, &7 A 3
FEl 30~400 m/z, V7 ZEIR ] 4 min. 20 4 & 1
PSR J5 ) FE 5 4% 0 PE NIST 2011 #EATKE R, R FEAH
BB 54T (similarity index, SI) KT 80 (SI>80) 1% 5E
SR, SR AU — ik AR i
1.3.8 BRI 5547

TRIGRE S 5 BT 64T 3 kM A BB . 38id SPSS
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26.0 B AF #E AT B0¥E 19 75 2 /0t Canalysis of variance,
ANOVA), X Duncan £ 36 %f 2 20 Ff A [A] i3 47 . 325 1
M (P<0.05) . 1] OriginPro 2021 X AH < kAT £l o
2 GBRESW

$A N E X SR MIB UL BRI RNG
SHRB OB AR R B A . B AE A . R 2

2.1

A, BEEESAN IR RN, R R s 2 R RN IR S
EERE (P<0.05) WK, (HEHELEEZES (P>0.05).
X T RE A O AN IR AN T SR A 2B, A5
IRGERI ARG TR, SEUER LB RA BN,
B P RS I . — kUL, B MR AT R A,
R4 B FIR L A NS 3 2 WA, S R g i
T ERRR R BEEIA S, B T AR s

R2 TEEERMEZRMAVERLMR

Table 2 Physicochemical properties of soymilk powder with different calcium additions

kit R NIkss
InEld/T;( Calcium addition/%
\ 2k B
Bulk d%nftf;(%mf') 0.22%0.01° 0.240.02" 0.24£0.01" 0.25+0.02° 0.29+0.01°
= S B B
Tapped*{iii”;yi,mp) 0.40+0.02° 0.43+0.01% 0.43+0.02° 0.42+0.01% 0.51+0.02°
S Y
comprestJiriji'i]i?zyF index/% 45.62+2.22° 44.28+3.08' 43.0743.18" 41.7442.18° 41.5940.72°
0
Angle@?iﬁﬂose/@) 45.38+2.47° 48.64+0.52° 51.46+1.01% 52.28+0.31° 57.93+1.63°
wilﬁfgﬁige/s 87.26+2.58° 106.01+2.43¢ 127.5442.78° 143.23+2.93" 156.66+1.38°
Disszrfifg'gfn ols 46.22+1.24° 69.75:1.48° 85.03+1.34° 110.07+1.26° 152.1441.63°
1S44I 42
PRFE IR AR 49.01£1.41° 46.41+0.07° 45.25+0.15" 44.96£0.10° 42.68£0.17°

Volume average diameter/um

e ARSI RIS S 0 MPa;  fERIZRAR AL S, AT EBHUREHR A B2 2R (P<0.05),

Note: The homogenization pressure of soymilk powder with different calcium additions were all 0 MPa; in the comparison of the same type of index, data with different letters

are significantly different (P<0.05).

MR EIEN, T8 EE M BUX A B .
B RN 05 B R H T AN 4 e R B 2 (P<0.05)
. FHEINEA 0~2% B, JE G E [E] A 87 s 3G i £
156's, 4rHEURTEIMN 46 s N Z 152 s. 45504 & 22Kl
TEVER R B AT BE A RS L M AAAE BRLAS T S KR
o LMY BB AR B M LV I (R AT A B, AT R
M 2R . BEEES IS IR I3, SRR AR
bifz R (P<0.05) Jk/o 3X AT BE A2 K T AL 3 T 56
DU Ca¥ 5 E R R AL AN, —efRE Lk
WA HIKALE, BREIH 7 RIF, fEmiE TRt
R TR T /N R A SR

Z50 55 R 5 R R I W T IR P 0 U R R e )

febr. B 1a ATHn, A9RGB A 5 2A BTV AR
e, RIRN R A BT D) B T PR A, HLREE A N E
g, HEE L, USSR EAREET —
SE BRI EAR FANY, 654k 5 3 A0 AR i e (0 B v 38
T R L B AR AT TN OO, iR A S I B R R B
TEIEATTHE 0.1~200 mm/s [X [A] N FEAFF A Stribeck 2
(E 16D, REARIEIE S L X 4 il SRR . IR G R
FAAA RS 3 P BRI R AL, AN [F)SSAY [A) (1) % AR Bk
TV T A R ) % TR R AT B2 A B (X
(P, R R HBE A S AN N I T s 0, X AT R
TR ERRAER —ERXR. BT EER,
1.5% £5 A B 34T fa 820 72

AR N Calcium addition/%

=) 05 A10 vI5 *20
100 ¢ . 045 ¢
.
xx;‘ z 0.40 F
_ (e ) 3 035
@ g 8¢ £
£ 10 fa,. 2 2
=S 2t 5 030F i § .
) '.-!’.’ § H %ii %?
S . 2025k ‘§§
'§ .'2” & : i L ii [}
B ':323,, 2 i
frz=3 '-_.. N 0.20 F
R
0'1 1 1 1 . 1 1 1 1
0.1 1 10 100 015 0.1 1 10 100
BY )3 K Shear rate/s™ Jé&iity 4 ¥ Entrainment speed/(mm-s™)

a. RS IR S B DI &

b. 7N [ 5 25 T 7 2 R4 o

a. Shear viscosity of soymilk with different calcium additions  b. Friction curves of soymilk with different calcium additions

A 1
Fig.1

KR 458 2 R0 5 A0 ARt 4,

Shear viscosity and friction curves of soymilk with different calcium additions
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2.2 WREHFERC T RMIBUME RN

T E— DR AL T R 38 TN A s Ak 5 2R R B AL
PEFUIRZM . BHER 3 ATAN, [EDEESEINEN 1.5%, FE&E
BIJFUE JIBE 0, a2 B R KSR A R . IR
JE¥IR (<60 MPa) {4 & 5ROk If 25 B A8 K, 1 v
¥R (80 MPa) ff H 4% AR /N, AR IE AR/, (K
JEI58 53 =g === 1 SO 1 =) A DL 2~ (i A 3 )
AT SRR R AN A B 1R B 2 (P<0.05) YN, ol
WG SN TR RE LN, e REER, KA
PR AN ETY). o A A Y, R oA

WER/NRRL, A R T 57K 78 0 e fi, AT ek 20 98 A0
Sy R[] (B 3 R S 4k SR N % 80 MPa, ®K
(B D) A8 45 5 20 0L (8] F T ) 3 e 3, SRR
BRI I, M E RS A%, SEILRRY
Ko AEF Ko HELLIE N FL P LUR R K

HHEE 2 mT 5, B 3551 K 77 38 i ) 20 MPa B I,
PG BRAL IR I B AN EE R RO R T B X AT RE R E
B XS 5 e SR R I RS R, R REAE TR
PR EORET . 45411 ATa, fESEhrA s ip ] DLSR &5 fE
AR N R 5 88 O g SR A A R AL SRR 1 UK

*3 AEBHRENSECE R EIIBULME R

Table 3 Physicochemical properties of different homogenization pressure calcium-fortified soymilk powders

ks )5 & 71 Homogenization pressure/MPa
Index 0 20 40 60 80
AR R4
Bulk d%nsit;/fmrl) 0.24+0.02° 0.20+£0.01° 0.23£0.01* 0.25+0.01° 0.20£0.01°
5 S R
%*.ﬂg 5 0.43+0.01° 0.39+0.01¢ 0.44+0.02° 0.47+0.02° 0.42+0.02"
Tapped density/(g-mL ")
IR 44.28+3.08° 50.3120.54% 46.88+2.41™ 47.54£0.07> 52.594+2.93°
Compressibility index/%
Anglefffjffose/(o) 52.28+0.31° 50.21£0.65° 48.67+0.17° 46.76+0.32 48.07+0.40°
SRR
Wﬁi{f;?r?e/s 143.23+2.93* 44.1342.94° 61.95+2.14¢ 78.89+2.06° 100.68+2.94°
yA T
Disp’e}:ﬁiﬁgfme " 110.07+1.26 21.56+1.43° 68.11+1.21¢ 86.57+1.89° 95.55+1.45"
ST P 7
BT bR 44.96+0.10° 43.34+0.14° 42.94+0.15° 41.62+0.22° 42.22+0.12¢

Volume average diameter/um

i AREBIFUE /SRR INE SN 1.5%; ERZHERI R, NFE 7GR EEE A REEER (P<0.05).

Note: Calcium addition of 1.5% for all different homogenization pressure soymilk powders; in the comparison of the same type of index, data with different letters are

significantly different (P<0.05).

)% J& JJHomogenization pressure/MPa
m() @20 A40 w60 &80

100 ¢
....
- o, n
: "ot
S 10F Axy, "%,m,
= ‘A % m
z "VVAQA %"
£ -
| e, W,
£ ”0..:’00“ "==='
Eii 1E ‘0.’ " "l
W& .’00 .'l
0.’“ oy
25
0.1 Lo . . !
0.1 1 10 100

BY )34 # Shear rate/s™
a. AN JE] ¥4 5 0 A A IR B ) R

a. Shear viscosity of calcium-fortified soymilk
with different homogenization pressures

0.45 ¢
0.40 F

ol Sy
M T

JEE 15 2 H Friction coefficient

025 F °
son i %
¥
020 F
O]S 1 1 1 1
0.1 1 10 100

Jé ity % & Entrainment speed/(mm-s™)
b. [ 259 57 3 805 i e 2 ) ot 2

b. Friction curves of calcium-fortified soymilk
with different homogenization pressures

B2 TEHFIENAEERAN D AT 5 Ao Bt 45,

Fig.2 Shear viscosity and friction curves of calcium-fortified soymilk with different homogenization pressures

2.3 (SR ERBERUMSR

B 3 N ELRA I L B I o R o R R 2
AR, X AT REAAUNEW S TR R, RAREVN
S WORE FT BLE RS B0 AR T, TT0RLARBOK (1 B R
oKL AT BE JC i S e A% B R T . PRIk, oK o3 I (a]
FROCIS L0 2 T ) AR ORI R L, (B
PEAS JE DA R B/ UKL 25 A, BT AR I AR
B S IR SR RO ) O T B AR TE R i« Bt 4%
SR ST 0N, SRR B E BT B BR A, 4548
DL, XA REAE RN RN 1 SRR BRI R,

BRFHEEMSEAMEIER, 1EBE TR RE
SRy e [ ) e I 2% G R 24 1R 4k 4823 0 B 80 MPa
W, BRI ESRNEA E R, IX AT 8RB il s 135 iUE
TGS T IR, T B 5 28R T I8 B 252
SE M A TR, X 5T RRAL R (3.
SR, S S ARORL AL H T B S TH ARoE PR 22, i AR
WK, IS AR
2.4 5B ERMBHIBEEITMN

AR G VR VAN 45 R A0ER 4 Fion . KRR E
R BERN AR L T FE AN JE R A, IR BT B MK
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23 A5 F1 20 MPa G M 5 3%, BCE R AR 7 H# A
TRZE (P<0.05) 3%, BEIFRE. SRHnHEs
IR BRSSO 5 S A R R B R R AU
GEREEAR—H (B D. HR/EENL, SXATHR
WERE, KRR IR R, ELAS SR A SR 1 G
FONZEH . HA BIIIN AT FER B 58 22 i KUk ™, AT el
P 0 T AR R R B AR R, (AR A A
MK MR T AW . FR, BB ARETY.
Bl 5 T TR ER B AL, A — e R T S5 4 AR
Iy il AR S RN, AR G P R ISR TRR
A RO, R SRR R A . A, AHER
T 20 MPa 2 i ()85 5 A0 220Ky, 80 MPa 34 Jii f HL i it
AN EI IR (P<0.05) H9hn (38 3), Wttt &
SRR 52 R0 AR S B 1 VT 23 BRI

__ D &
a. REITG N
a. Unhomogenized
soymilk powder

b RIYFEGSR T M . 20 MPals i 45 54k T3 6y

b. Unhomogenized c. 20 MPa homogenized
calcium-fortified calcium-fortified
soymilk powder soymilk powder

d. 40 MPaty i 455k e. 60 MPay )i 45 54k, f. 8 OMPa) Fi 45 51k
R4 EE %)) SHb

d. 40 MPa homogenized
calcium-fortified
soymilk powder

B3 FEELFHeaE LA
Fig.3 Scanning electron micrographs of different soymilk
powders
2.5 IR EIRMAIE R M KIRYIR
AT TR F 002 [ A ol 35 BR8-S 1B

(headspace-solid phase microextraction-gas chromatography-

e. 60 MPa homogenized
calcium-fortified
soymilk powder

f. 80 MPa homogenized
calcium-fortified
soymilk powder

mass spectrometry, HS-SPME-GC-MS) 3 AR 43 #1 5. 3% #
A R R 2H . 2 5 R 525080 IO R Ve AR A
JRFRSEHCE SR BB, LA 41 T R v R A o
ForPBESR 13 B BESK 11 M. BEZE 7 Ah. R 3 Fh. MR
K4 Fh, HAb2E 3 F, 5 GIRI %%, POLISELI-SCOPEL
SO AR B, RN TSR R M R A S i 2
HE AT 26 B, B 2 S5 SR A KR 5 2
B A P, FHrp RV A S8R (P<0.05)
N, TR R R AR R AR SRR (P<
0.05) H4hn, S5ECE VEAN A KR A — B0 (R 4.
HA [RIINASE 5235085 1 S0 428 R A RO 4 ot A B 14
H 557 b B 5 S R R BT 38 35 Fol

LV %P SR Bl T2 FRe 43 T4 <A € - -
i (dynamicheadspace dilution analysis-gas chromatography-
olfactometry-mass spectrometry, DHDA-GC-O-MS) #j 5
Bt 5L A OB E KR B AT 8 A, He b SRR 5 -
ECRE. R-2-CHMlE. 1-5-3-. 1-C8F. KkJR-24-
BN, LS M JEGEMRINT: BT, S-2-SFME.
Be-2-EAlE, SL 3R, BARITE, FSHEINAT 20 MPa
BB BLRE 2 (P<0.05) FECCHME G RERY BT & &
(FEZONIECE, [R5 47 M fR B OB PR R TR R )
i (FENIEERE . [-2-FmE. R-2-EmEE), 5K
BRI RS SR A —3 (R 4D

IE O 2 TR 2%y, BAH Rk HAEK
TR (4.5 pg/L) P B3 6 T A1, 4 20 MPa
BIFEN SR, ECBESEREE TR, S8k
JHZ 80 MPa Iy, L ENSH LTt XA REZA RV IET
fis k5 KT R AR EBKEE AP, T 20 MPa 3557 7T L
PR GdRRfE (R 3), WMARHILREM, MIECKS
KRG EAMER G EMIFE S, BICE SR RE R,
() A BB BRI, 80 MPa 3553 7 A 1 3ot v BY
P11 Gk (B3, ARFIECES KRG E
H4iG, RNBIMIECKS &6, AR R-2-CM
BER 1-F4-3-BE ) & BARMMARE (P>0.05), WA
M| 1-CBE, X5 LV S RS R, EER N
RN T RS R L Z AR AE 2 57

x4 TRERMPREITFMN

Table 4 Sensory evaluation of different soymilk powders

Joks SRR LT AT 4 )Wl
A Homogenization pressure of soymilk powder/MPa Homogenization pressure of calcium-fortified soymilk powder/MPa
Index
0 20 80 0 20 80
- a
&ﬁ; 6.700.54° 7.45+0.44" 7.10+0.32% 7.80+0.26° 8.75+0.26" 8.35+0.41°
S .
F’T; \ﬁr 6.25+0.54° 7.35+0.58"™ 6.60£0.39% 7.15+0.58% 8.70+0.26" 7.90+0.52°
iy
Y 12 6.45+0.44¢ 7.30+0.59° 7.95+0.44° 6.70+0.59° 8.60£0.39" 8.30+0.59"
Smoothness
R )
*F.]g © 6.50+0.41¢ 6.30+0.26° 6.15+0.24¢ 8.55+0.37° 7.90+0.66" 7.20+£0.26°
Thickness
Pep
fﬁji 6.55+0.44¢ 7.15+0.47° 7.25+0.54° 7.20+0.59° 8.60£0.52" 7.85+0.58"
24
97 32.4542.27° 35.5542.24° 35.05+1.80¢ 37.40+2.28" 42.45+1.95° 39.60+2.20°

Total score

e EFSSRR R, AR TGRSR A B 2R (P<0.05).

Note: In the comparison of the same type of index, data with different letters are significantly different (P<0.05).
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Table 5 Quantities and relative contents of volatile flavor compounds in different soymilk

SHRMRIES PG RAL I UL T
Homogenization pressure of soymilk powder/MPa Homogenization pressure of calcium-fortified soymilk powder/MPa
Fhk 0 20 80 0 20 80
Types o  HXWNEE T P uNe - GiE DS T PSR oz AXEE T uNe
ok Relati i Relati B a HE Bt Relati BE R a
Quantities clative Quantities clative Quantities elative Quantities clative Quantities clative Quantities clative
content/% content/% content/% content/% content/% content/%
=
Alff;;des 10 87.77+0.95" 9 63.09+0.17° 9 79.23+0.48" 10 65.77+0.10° 13 79.63+0.14° 12 76.83+0.19°
Algif)ls 8 5.83+0.30° 8 10.700.06" 6 6.81+0.50° 7 16.75+0.09" 8 7.64+0.11° 8 7.26+0.02°
A% 6 5.56=0.50" 3 6.82+0.03° 4 8.09+0.01¢ 6 13.194£0.01° 7 10.36+0.16° 6 11.76£0.02°
Ketones
JA K
Hyd r%;:bons 1 0.55+0.05° 0 nd 2 1.12+0.03° 2 0.89+0.01° 1 0.36+0.05¢ 3 0.86+0.14°
oK
E:t:s 1 0.29+0.10° 3 19.39+0.09° 2 3.71£0.10° 1 0.89+0.10¢ 3 0.76+0.03¢ 3 1.15+0.01°
O%frs 0 nd 0 nd 1 1.05+0.10° 2 2.5040.05 3 1.25+0.05° 3 2.15+0.05°
B
Tofal 26 100.00 23 100.00 24 100.00 28 100.00 35 100.00 35 100.00

e EFIZHRRR L, AR RAREEE A BEEZE R (P<0.05): nd: A YARBAT B SR AT ARG IR . FIA .
Note: In the comparison of the same type of index, data with different letters are significantly different (P<0.05); nd: Compound is not detected or its concentration is below
the instrument detection limit. Same as below.
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Table 6 Relative content of critical flavor compounds in different soymilk %

SHMPITET LT AR &) VAl
SR XU A S5 HERMEAEY Homogenization pressure of soymilk Homogenization pressure of calcium-fortified soymilk
Critical flavor compounds Volatile compounds powder/MPa powder/MPa
0 20 80 0 20 80
N E;‘fﬁal 65.37+4.01°  48.48+3.14%  63.89+2.53" 59.52+1.45% 51.70+4.48% 55.79+2.76™
% -2-CU S be b a c be b
SRR (E)-2-Hexenal 0.46+0.04 0.61+£0.10 1.29+0.26 0.29+0.10 0.35+0.15 1.09+0.10
Beany flavor compounds - 5-3- 0.96£0.15"  1.73+021°  1.090.10" 13120.20° 1.16+0.15" 1.05+0.25"
1-Octen-3-o0l
R -2,4-2% I d a b d be c
> ’ + 1+ -+ +
(E.E)-2,4-Decadicnal 0.4440.05 2.50+0.50 1.50+0.20 0.18+0.04 1.0340.20 0.94+0.17
IE L c b b o a b
1.20£0.10 2.52+0.50 2.53+0.50 0.81+0.20 4.56+0.51 2.51+£0.46
n-Nonanal
e F AR5 JR-2-3 A o a b o be be
Non-beany flavor compounds  (E)-2-Octenal 0.60+0.10 1.734£0.25 1.20+0.20 0.59+0.10 0.9440.35 0.85+0.15
[2-2-LHRRE 0.25+0.15°  0.99+0.50™  0.90+0.10™ 1.01£0.20™ 1.500.50° 0.39+0.10"

(E)-2-Nonenal

LT RGN EZR Iy, EIGAEAE
R, FIEHARAAEE 1 (LOX1) B ARA LRI G 17 TR T X
O-H LMY, HAaAdAYIRMEE (hydroperoxide
lyase, HPL) 0. € 6 Al i, Ho& A (b a e
KBS RTR I IE CREA S, X T RESE R DN IX P A iEE S
JF 5 KGR 4 A R SR B KA LR Y, fRTETE S
Pegh G, (HIEERmERK, SRR, SKEE
HISE AR ME T IECRE. WRENEREAR F5I1E
CEEUF A DY, B2 ETRERAETR D, &
TRV E BRI -2-20 M Ik, &-2- T )l
EIUKRR,  HA R 5 TR 1 15 F R

3 &

1) B In FAR G R e A B
T S R AN R R A R, DR AR R KR
B (<60 MPa) i Hmaith. A HLlE, Kk
TR T A /D IR AN B RO, R

s RS (80 MPa) 58U KL 5 5 i 13
RURLTE SN A A A5t A EE T X IERE S, F5INE N 1.5%
MG B2 20 MPa P i i, FE LA UMK T

B AN BER S T TS A T 8% (P<0.05) o3, J&E
PO B

2) ARSI B KR 5 R SR AN i 26 B,
HA BB 3 2 1 R P R A s 38 n, B3 R a2 f5
KR ) B A 35 Fh . 20 MPa By B Ak HE B
(P<0.05) BFAK I O 55 5% B M S R R4 Joi Ao ) 28] 1) 25
B, HIETE. R2-FHiE. x-2- LTRSSty
JE R 5 A5 BT AR B . 80 MPa 55 AbFE A% 1E OOl &
wmEE LA, IE TR, R-2-FHmEE. -2- TS &
BE (P<0.05) T

[ £ X #]
[1] NAVICHA W B, HUA Y, MASAMBA K, et al. Distribution
of odour compounds, antinutritional factors and selected stor-
age stability parameters in soymilk as affected by differences



276

Flk T2 (http://www.tcsae.org)

2023 4F

(2]

(3]

(4]

(3]

(6]

(7]

(8]

9]

(10]

(1]

[12]

[13]

[14]

in roasting temperatures and times[J]. Journal of Food
Measurement and Characterization, 2018, 12(3): 1695-1706.
PATHOMRUNGSIYOUNGGUL P, GRANDISON A S,LEWIS
M J. Effect of calcium carbonate, calcium citrate, tricalcium
phosphate, calcium gluconate and calcium lactate on some phys-
icochemical properties of soymilk[J]. International Journal of
Food Science & Technology, 2010, 45(11): 2234-2240.
KAHARSO V C, MUHOZA B, SURYOPRABOWO 8§, et al.
Influence of calcium lactate and tripotassium citrate on the prod-
uction of stable and acceptable calcium-enriched soymilk [J]. Eu-
ropean Journal of Nutrition & Food Safety, 2020, 12(12): 40-52.
ZHOU Y, LI X, HUA Y, et al. The absence of lipoxygenase
and 7S globulin of soybeans and heating temperatures on the
properties of soymilks and soy yogurts[J]. LWT, 2019, 115:
108431.

CHIGWEDERE C M, TADELE W W, Y1 J, et al. Insight into
the evolutionofflavor compounds during cooking of common bea-
ns utilizing a headspace untargeted fingerprinting approach[J].
Food Chemistry, 2019, 275: 224-238.

POLISELI-SCOPEL F H, GALLARDO-CHACON J-J, JUAN
B, et al. Characterisation of volatile profile in soymilk treated
by ultra high pressure homogenisation[J]. Food Chemistry,
2013, 141(3): 2541-2548.

BN, 2R RSSO RME R SR R SR (0]
PR TREMESE, 2023, 27(21): 3423-3429.

HOU Jianming, LI Qi. Bioactive scaffolds in repairing osteopor-
otic bone defects[J]. Chinese Journal of Tissue Engineering
Research, 2023, 27(21): 3423-3429. (in Chinese with English
abstract)

TERCINIER L, YE A, ANEMA S, et al. Characterisation of
milk protein adsorption onto hydroxyapatite [J]. International
Dairy Journal, 2017, 66: 27-33.

FIHRI A, LEN C, VARMA R S, et al. Hydroxyapatite: A
review of syntheses, structure and applications in heteroge-
neous catalysis[J]. Coordination Chemistry Reviews, 2017,
347: 48-76.

MiaE, B, BEX, % KRS HE AR s
G AE b BB R Y ) 52w (D). ROk DR AE AR, 2016,
32(20): 306-314.

TAO Rugqing, XIA Ning, TENG Jianwen, et al. Effects of heat
denaturation degree of soybean protein on gel property of
instant soybean curd[J]. Transactions of the Chinese Society
of Agricultural Engineering (Transactions of the CSAE), 2016,
32(20): 306-314. (in Chinese with English abstract)

WIRME, #R, BRERR, % 2 ERRBZHENRIL R
FE K G H B R (0], Aol T2 244, 2022,
38(19): 295-302.

SHEN Xiaomei, RAN Gen, CHEN lJiafeng, et al. Extraction of
soybean hull pectin polysaccharide (SHPP) and its applications
in soy protein-based gel foods[J]. Transactions of the Chinese
Society of Agricultural Engineering (Transactions of the CSAE),
2022, 38(19): 295-302. (in Chinese with English abstract)
PEKEL A, CALIK A, KUTER E, et al. Impact of chemical and
physical properties on flowability characteristics of corn disti-
llers dried grains with solubles[J]. International Agrophysics,
2020, 34(2): 195-202.

CHEGINI G R, GHOBADIAN B. Effect of spray-drying
conditions on physical properties of orange juice powder[J].
Drying Technology, 2005, 23(3): 657-668.

HENL EMRMN, Ewlle, S KBB4 R TR SR
K73 8 8 A BORE S 3L D e R 1R (0] Ik TR A 4

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

(23]

[26]

2021, 37(13): 306-313.

XIAO Zhigang, WANG Yifan, WANG Kexin, et al. Prep-
aration and functional properties of soy protein isolate particles
by high pressure homogenization-freeze drying technology [J].
Transactions of The Chinese Society of Agricultural Eng-
ineering (Transactions of the CSAE), 2021, 37(13): 306-313.
(in Chinese with English abstract)

ZUO F, PENG X, SHI X, et al. Effects of high-temperature
pressure cooking and traditional cooking on soymilk: Protein
particles formation and sensory quality[J]. Food Chemistry,
2016, 209: 50-56.

TG . K E E R 45 A R 4% SN BT AT (D). T M -
HRELTRAE, 2021,

LUO Weigian. Structural Manipulation and Application of Soy
Protein Microparticles[D]. Guangzhou: South China University
of Technology, 2021. (in Chinese with English abstract)
J/NH, B, SRR PO K B- RIS TR I B AL
R EEM [T]. ARk TRE 229, 2017, 33(8): 293-300.
SHI Xiaodi, LV Yanchun, GUO Shuntang. Effects of heat
treatment and f-cyclodextrin addition on soymilk flavor[J]. Tran-
sactions of the Chinese Society of Agricultural Engineering
(Transactions of the CSAE), 2017, 33(8): 293-300. (in English
with Chinese abstract)

PENG X, REN C, GUO S. Particle formation and gelation of
soymilk: Effect of heat[J]. Trends in Food Science &
Technology, 2016, 54: 138-147.

KHALESI M, FITZGERALD R J. Impact of total calcium in
milk protein concentrate on its interaction with the aqueous
phase[J]. Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 2022, 635: 128068.

WAN J, NINGTYAS D W, BHANDARI B, et al. Oral
perception of the textural and flavor characteristics of soy -
cow blended emulsions [J]. Journal of Texture Studies, 2022,
53(1): 108-121.

PRAKASH S, TAN D D Y, CHEN J. Applications of tribology
in studying food oral processing and texture perception[J].
Food Research International, 2013, 54(2): 1627-1635.

LM, Woss, BN, 5 SRR KESTEEA
Gk R AR RS2 (1], AL TRE 224, 2021, 37(3):
302-311.

JIANG Lianzhou, YANG Zongrui, REN Shuanghe, et al.
Effects of cavitation jet on structure and emulsifying properties
of soy protein isolate[J]. Transactions of The Chinese Society
of Agricultural Engineering (Transactions of the CSAE), 2021,
37(3): 302-311. (in Chinese with English abstract)

T R £ 40 5 TR P 5 1 R 2 M I 3 i [,
e HL TR, 2019,

ZENG Lihua. Construction and Characterization of Citrus
Fiber Based Food-grade Colloidal Structures[D]. Guangzhou:
South China University of Technology, 2019. (in Chinese with
English abstract)

PENG X, WANG Y, XING J, et al. Characterization of par-
ticles in soymilks prepared by blanching soybeans and
traditional method: A comparative study focusing on lipid-
protein interaction [J]. Food Hydrocolloids, 2017, 63: 1-7.
CRUZ N, CAPELLAS M, HERNANDEZ M, et al. Ultra high
pressure homogenization of soymilk: Microbiological, physi-
cochemical and microstructural characteristics[J]. Food
Research International, 2007, 40(6): 725-732.

MUKHERJEE D, CHANG S K C, ZHANGY, et al. Effects of
ultra-high pressure homogenization and hydrocolloids on


https://doi.org/10.1007/s11694-018-9785-5
https://doi.org/10.1007/s11694-018-9785-5
https://doi.org/10.1016/j.lwt.2019.108431
https://doi.org/10.1016/j.foodchem.2018.09.080
https://doi.org/10.1016/j.foodchem.2013.05.067
https://doi.org/10.12307/2023.457
https://doi.org/10.12307/2023.457
https://doi.org/10.12307/2023.457
https://doi.org/10.1016/j.idairyj.2016.11.005
https://doi.org/10.1016/j.idairyj.2016.11.005
https://doi.org/10.1016/j.ccr.2017.06.009
https://doi.org/10.11975/j.issn.1002-6819.2016.20.040
https://doi.org/10.11975/j.issn.1002-6819.2016.20.040
https://doi.org/10.11975/j.issn.1002-6819.2016.20.040
https://doi.org/10.11975/j.issn.1002-6819.2022.19.032
https://doi.org/10.11975/j.issn.1002-6819.2022.19.032
https://doi.org/10.11975/j.issn.1002-6819.2022.19.032
https://doi.org/10.31545/intagr/117502
https://doi.org/10.1081/DRT-200054161
https://doi.org/10.11975/j.issn.1002-6819.2021.13.035
https://doi.org/10.11975/j.issn.1002-6819.2021.13.035
https://doi.org/10.11975/j.issn.1002-6819.2021.13.035
https://doi.org/10.11975/j.issn.1002-6819.2021.13.035
https://doi.org/10.1016/j.foodchem.2016.04.026
https://doi.org/10.1016/j.colsurfa.2021.128068
https://doi.org/10.1016/j.colsurfa.2021.128068
https://doi.org/10.1111/jtxs.12641
https://doi.org/10.1016/j.foodres.2013.10.010
https://doi.org/10.1016/j.foodhyd.2016.08.012
https://doi.org/10.1016/j.foodres.2007.01.003
https://doi.org/10.1016/j.foodres.2007.01.003

5% 9 JEIRARSE A SR SR (1 ] % S BRAL PR R AL 277

physicochemical and storage properties of soymilk [J]. Journal different processing methods on fermented soybean whey-
of Food Science, 2017, 82(10): 2313-2320. based tofu quality, nutrition, and flavour[J]. LWT, 2022, 158:

[27] MASSOUD R, MASSOUD R, BELGHEISI S, et al. Effect of hi- 113139.
gh pressure homogenization on improving the quality of milk and [31] WANG K, ARNTFIELD S D. Binding of carbonyl flavours to
sensory properties of yogurt: A review [J]. International Journ- canola, pea and wheat proteins using GC/MS approach[J].
al of Chemical Engineering and Applications, 2016, 7(1): 66-70. Food Chemistry, 2014, 157: 364-372.

[28] GIRI S K, MANGARAJ S. Processing influences on [32] KUHN J, CONSIDINE T, SINGH H. Binding of flavor
composition and quality attributes of soymilk and its powder [J]. compounds and whey protein isolate as affected by heat and
Food Engineering Reviews, 2012, 4(3): 149-164. high pressure treatments [J]. Journal of Agricultural and Food

[29] LV Y-C, SONG H-L, LI X, et al. Influence of blanching and Chemistry, 2008, 56(21): 10218-10224.
grinding process with hot water on beany and non-beany flavor [33] YANG A, SMYTH H, CHALIHA M, et al. Sensory quality of
in soymilk [J]. Journal of Food Science, 2011, 76(1): S20-S25. soymilk and tofu from soybeans lacking lipoxygenases[J].

[30] HUANG Z, LIU H, ZHAO L, et al. Evaluating the effect of Food Science & Nutrition, 2016, 4(2): 207-215.

Preparation and physicochemical properties of calcium-fortified
soymilk powder

TANG Zhaoyi', CHEN Pei?, HOU Junjie?, WANG Jinmei**, YANG Xiaoquan'

(1. College of Food Science and Engineering, National Engineering Laboratory of Wheat & Corn Further Processing, South China
University of Technology, Guangzhou 510640, China; 2. Ministry of Agriculture and Rural Affairs/Agro-biological Gene Research
Center, Guangdong Key Laboratory of Crop Germplasm Resources Preservation and Utilization, Guangzhou 510640, China;
3. Wuzhou Bingquan Industrial Shareholding Co., Ltd., Wuzhou 543000, China)

Abstract: Soymilk products can be limited for the relatively low calcium content of soymilk and its unpleasant beany odor in
the food industry. In this study, a systematic investigation was made to explore the effects of calcium addition and
homogenization pressure on the physicochemical properties, sensory evaluation, and composition of volatile flavor compounds
of soymilk powder. Hydroxyapatite (HA) was also taken as a calcium-fortifying agent. The results showed that the addition of
calcium decreased the fluidity of soymilk powder, whereas, the wetting and dispersion time increased significantly (P<0.05).
The shear viscosity and, the oral friction coefficient increased significantly. The texture was thicker after the soymilk powder
was brewed. Homogenization treatment with the 1.5% calcium addition was used to further improve the quality of soymilk
powder. Low-pressure homogenization (60 MPa) improved the fluidity, wetting, and dispersibility of soymilk powder. The
surface of soymilk powder particles was much smoother and slumped less with the increase of homogenization pressure,
indicating the spheric-like morphology. Meanwhile, the morphology of powder particles was slightly broken, when the
homogenization pressure increased to 80 MPa. Homogenization treatment significantly reduced the viscosity of soymilk after
brewing, and the coefficient of oral friction. The smoother taste improved the deterioration of soymilk powder properties and
brewing properties caused by calcium fortification. A total of 41 volatile flavor compounds were detected by headspace-solid
phase microextraction-gas chromatography-mass spectrometry, including 13 aldehydes, 11 alcohols, 7 ketones, 3 hydrocarbons,
4 esters, and 3 others. The total number of volatile flavor compounds decreased within 26 in the uncalcified soymilk after
homogenization. Among them, the relative content of aldehydes significantly (P<0.05) decreased, whereas, the relative
contents of alcohols, ketones, and esters significantly (P<0.05) increased. The number of total volatile flavor compounds
increased up to 35 with the addition of HA after homogenization. Compared with the unhomogenized calcium-fortified soymilk
powder, 20 MPa homogenization treatment significantly (P<0.05) reduced the amount of critical beany flavor compounds (n-
Hexanal, etc). The critical non-beany flavor compounds (n-Nonenal, (E)-2-Octenal, and (E)-2-Nonenal) were better retained,
where the color, flavor, smoothness, and taste of soymilk powder were significantly (P<0.05) improved with the highest
sensory scores. However, the excessive pressure treatment (80 MPa) caused a slight increase in the n-Hexanal content and a
significant (P<0.05) decrease in the n-Nonenal and (E)-2-Nonenal, which were deteriorated the sensory quality of the soymilk
powder with the decrease in the sensory scores. The finding can provide a scientific basis for the processing and sensory quality
improvement of calcium-fortified soymilk powder.

Keywords: homogenization; physicochemical properties; flavor compounds; calcium; soymilk powder
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