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Abstract: In order to solve the problems of flesh loss in the process of navel orange juice extraction and poor suspension
stability of navel orange juice, this study used an industrial-scale microfluidizer system (ISMS) to prepare whole-flesh
Gannan navel orange pulp, achieving ultra-fine pulp of Gannan navel orange. The effects of different ISMS processing
pressures (0, 60, 90, and 120 MPa) on the physicochemical properties (particle size distribution, rheological properties,
micro morphology, suspension stability, color, pH) and nutritional qualities (soluble solids, V, carotenoids, limonin,
naringin content) of Gannan navel orange pulp was investigated. The results showed that the particle size of whole-flesh
Gannan navel orange pulp gradually decreased, and Dy; ;) decreased from 59.77 pum to 26.47 pm when the ISMS pressure
increased from 0 MPa to 120 MPa. The pulp particles were refined and dispersed more evenly. In addition, the apparent
viscosity of orange pulp gradually increased, and the consistency coefficient K increased from 0.126 to 0.165. Compared
with whole-flesh Gannan navel orange pulp without ISMS processing, when the ISMS processing pressure was 90 MPa, the
instability index of navel orange pulp was the smallest, decreasing from 0.504 to 0.374, and the precipitation weight ratio
was the highest, increasing from 40.80% to 59.48%, indicating that the suspension stability of the whole-flesh Gannan navel
orange pulp was the best at this time. In addition, after ISMS processing, the C~ of the whole flesh Gannan navel orange
pulp gradually increased, and the overall color of the navel orange pulp became more saturated. Moreover, ISMS processing
did not affect its pH and total soluble solid content. With the increase of ISMS processing pressure, the V. content in navel
orange pulp increased by 11%, the total carotenoid content increased by 15%, and the limonin content increased by 10%
after ISMS processing, but the naringin content remained was not changed. In summary, in order to preserve as much
nutrients as possible, 120 MPa was chosen as the optimal pressure. This study shows that ISMS can produce whole-flesh
Gannan navel orange pulp with good suspension stability and nutritional quality at the industrial level, providing a new
pulping route for the navel orange industry.

Key words: industrial-scale microfluidizer system; whole-flesh; Gannan navel orange pulp; physicochemical properties;

nutritional qualities; bitter substance
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X(pg /mL)RPE (7)1
10°xA 5% V

EBxV,

K Aysy B 450 nm AR AGOSCREE, V, R
IOARERBAEFI(mL), EB 2y B-EA3E N Z|AEIE Ve
FITH G FREL 2560, V RHRIBORE 2511 SR (mL) o
1.2.11 Frga RS wmlle %43 =2 Wirik
PEA TR, A A I A B R I VT R A 2R
i FH =& e B ZEEGR, R U v — 4 e
DIAARFHLE 101 G2 ga s v Fil — S0 e H 20 mL)
N 50 mL A7 55 B b, IR IER S S, il T
60 Hz # 75 $2 3L 40 min, &5 T 3000 r/min A9 %% 3 55
0> 10 min, 4355 H R ETEW, RIS A S5
WEEE PR 1 R, B 2 AR BN N ERE WA I, M
FANEEZE AN LA 60 °C ZET 5, A 1.5 mL ZIEH
fi#, L 0.22 um AYLBERE, BT HPLC A FF
M. fdiFH HPLC [R5 3 R TAG I, 223K
K ESEAN T

{f13%41:: Agilent ZORBAX SB-C 4(4.6x250 mm,

x100 & 6)

X = = (D

5 um); KP4 210 nm; #EFEGE 10 pl; HE 35 °C;
TENAH: ZHE-0.1% B 7K (55:45, viv), DLy

1 mL/min £8P 10 min.

1.2.12 M ESENE  RAMNERE Davis 4500008
N AR B2 S P KA A R B T AR UE S AR

110 °C FHHe =185, fEFFREL 20.00 mg, ] 50%
BRI E A ZE 100 mL, 15 2k Bz HARAES -

JFHZE 1B K Rl B2 1 AR 7 W 43 9 T ) L 40, 80,
120, 160, 200 mg/L MIFRHEFR IR . FEPRHER IR 43
A 5.0 mL —HEEF 0.5 mL 1 mol/L &4 fb4N
W, )5, CE T 30 °C 8 K AR IR W

30 min, MXE 430 nm ALPYIRIGEE . DLAZEIR/RIE 25
P RS TE U 250 o DA B PR 3 Sl X, 1o
BEAE A Y 3, dAEbR AE R R, MAS LR R Y=
0.0039X—0.0017(R*=0.999) .

W BCR YT 5 mL, #ANJC/K 28 5 mL, $257, B
Lo BOEE EIEW 2 mL, %300 2 mL 89 50% 2
R RFIMW o HERMIR AR 0.5 mL F b (a4,
I _E R [ e33R, WS, 2 430 nm b
WG . AR (8) TR A B 15 i M(mg/L):

M = C;V & (8)

Ko, C N i s dE i £ 45 2 50 kb Bz e B
(mg/L), V R SAARFA(mL), V, B0 B
IHEAAFA(mL) .

1.3 IR

LA B SEE R =R . SR SPSS 25.0 XL
SR A T AL, 38 S XB AR (P<0.05 A A S0
TR M) ST E IR, IR S B EA R R 2,
{1 Origin 2021 XJ SCEEPEIATER,

2 BERSH
2.1 ISMS ARSI E 3 & RASERFERANER
Ky itz 0A !

SRR PRLAE I/ NG AT XTI B 0 11 Bl 4y B
BERFE M), W52 00 7 i i) ) PR M B e AR 24 R T
R 2 1 FIH T ISMS RIEJALERIE F17F 45
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Table 1 Effect of different ISMS processing pressures on the particle size of whole-flesh Gannan navel orange pulp
Rl Dp; 5y (pm) Dy (pm) Dy, (pm) Dy, (pm) Dy (pm)
ISMS-0 59.77+0.65" 128.33+0.58" 28.80+0.10° 105.00+0.00° 262.00+1.73
ISMS-60 33.67+0.12° 62.70+0.26" 18.03+0.06" 51.93+0.06° 119.33+0.58°
ISMS-90 28.73+0.06° 52.83+0.06° 15.20+0.00° 44.30+0.10° 104.000.00°
ISMS-120 26.47+0.12° 47.90+0.10° 13.80+0.00¢ 40.43+0.06" 94.20+0.40°
T AN R A - RE R 7R A [T RE i HAT Wi M 22 57 (P<0.05), 2., 3],
ISMS 4bFRXT 4= L PY 36 g I # RORLAR 43 A1 1 5% 0.301 SMS-0
M AN 2 TS o TR R RDRLAR 3 AT 2 Dk B, 3R 0.25 - ISMS-60
B MR . 22 ISMS AbBIS , W% A 2 A%, /NIURE % om0l 4 DAV
LSRN, FE0 S (KRR e 1 VT S sl |
B WARSTAGABASTE S, RO AR ST AN —, K g
22 ISMS AERAGRE S, AR50 F354E 100~1000 um & 0107
Z 8], B — e i iy S v BefeAe! . 48 ISMS 4b 0.051
S, 40 R AR K 0 R AR 43 A EEAE 0~ S R
100 pm, I TAE 9 40 M 9 — A A2 (24 100 pum) B7, BIYIE S (1/s)
VLR A0 T B 2 A 2, S At N AR R R, 2 K3 AR ISMS Ab3E J7 54 5 A i R iR R 2 00
T P 2 A3, RiEry

|—ISMS-0
— - ISMS-60

oo

- -ISMS-90
7 ISMS-120

N

TRTRE (%)
I\IJ B

(=)
T

10 100 1000
A (um)
K2 RIR] ISMS ARSI Jy %o 4 SR 1A i g RS SR A
G BRI
Fig.2 Effect of different ISMS processing pressures on particle
size distribution of whole-flesh Gannan navel orange pulp
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Fig.3 Effect of different ISMS processing pressures on the
apparent viscosity of whole-flesh Gannan navel orange pulp
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Table 2 Herschel-Bulkley model fitting parameters of different
ISMS processing pressures on whole-flesh Gannan
navel orange pulp

=i 7,(Pa) K(Pa‘s) n R
ISMS-0 0.528+0.014°  0.126+0.005" 0.662+0.006" 0.999
ISMS-60 0.598+0.015°  0.129+0.004°  0.615+0.005*  0.999
ISMS-90 0.709+0.007°  0.135+0.012° 0.628+0.012° 0.999

ISMS-120  0.706+0.020°  0.165+0.000" 0.610+0.002° 0.999
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Fig.4 Effect of different ISMS processing pressures on the
micromorphology of whole-flesh Gannan navel orange pulp
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Fig.5 Effect of different ISMS processing pressures on the
instability index of whole-flesh Gannan navel orange pulp
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Fig.6 Effect of different ISMS processing pressures on the
weight ratio of precipitated whole-flesh Gannan
navel orange pulp
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Table 3 Effect of different ISMS processing pressures on the color of whole-flesh Gannan navel orange pulp
FE L a b AE n c

ISMS-0 54.94+0.33% —5.58+0.06" 17.06+0.57° - 17.95+0.53° —1.260.15"
ISMS-60 55.07+0.12* ~5.79+0.29" 16.13£0.26" 0.97+0.24* 17.14£0.25® -1.23£0.01°
ISMS-90 55.23+0.12° —5.97+0.21° 16.44+0.31® 0.81+0.19° 17.49+0.29 —1.22+0.01°
ISMS-120 55.27+0.12° —6.06+0.04¢ 16.35+£0.29® 0.95+0.56" 17.43+0.29® —1.22+0.01°*

2.6 ISMS AEAMEEHMERAEREFEREFD (Total soluble solids, TSS) 5 M 25 #8252 1 XU 11 5y
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Fig.7 Whole-flesh Gannan navel orange pulp under different
ISMS processing pressures
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Table 4 Effects of different ISMS processing pressures on pH
and TSS content of whole-flesh Gannan navel orange pulp

FEsh ISMS-0 ISMS-60 ISMS-90 ISMS-120
pH 3.91£0.01"  3.92+0.01°  3.94x0.05"  3.94+0.02"
TSS(Brix®) 6.83£0.06"  6.87+0.06"  6.83+0.06"  6.80+0.00"

T [ — AT A R RN AR R S A B35 255 (P<0.05)
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Fig.8 Effect of different ISMS processing pressures on V.
content in whole-flesh Gannan navel orange pulp



50454 5 194

ATANA , 55 W RS TRUES FR GEAL TN 4 R PAY it o I RS A P B 558, B S 121 -

Bl E o X AT RE T Y AL FRAE T R 1A /N
ISMS X} V. BIBEHUINTXT Vo FIREIR, (759 Ve & &
TFE, 76 60 MPa Bl ik R/ ME . BEZE R 1 69T,
ISMS X Vo B R FXF Vi IR, ST T
=7, BT ISMS-0, 35F)] 11.30 mg/100 g, 32555 11%.,
AP BABTHHIFST 22, ISMS AbFH 5 BEAS (L 524t At v
Ve BB, T as A0a0N Efs F B frt e, 7 IEPTIR
ML PR A i
2.9 ISMS FEIIEE S13) 4 RARER I 22 2 24H
2 MNEREENFI

SR D AR R R R IR T,
2N T 245200 . AS[R] ISMS ZbF T 73X 4= 51 1)
A BRI M B N R AN & 9 R, B
ISMS &b B Sy i3, S8 N 3R
Jin, A 11.21 pg/mL #4m#] 12.91 pg/mL, 7] GEJEH
T ISMS AbFEE ) 4, S s R A LA E R A S-5R
PRIIRI AR /N, 5 IS AT Rl 2, S alas sk mg s I b
FOZEHA R N 2 LRI LE Y FORR I, 13X 5 AR e BEN ) [
SIS LG R A AR, A IE W, 78 ISMS AbFEE F)
/INTF 90 MPa, S2EEHE N E S EIJCHH AR, 1Y
ISMS ZbBRIE F735%F)] 90 MPa B, S2iss b E &
WA, VA ISMS % B2EH % N A0 n] fg =
IR LH 53 S AN 25 F A 5K

z
g 13 ) 2
gﬂ 124 ¢
v d
111
2
=
#1071
S

9-

0 60 90 120
JE71 (MPa)

K9 IR ISMS Ak FRT g x4 2R Y st e TR 2 A 2
[ZE Sl
Fig.9 Effect of different ISMS processing pressures on total
carotenoid content of whole-flesh Gannan navel orange pulp

2.10 ISMS AEIAIBE X & RAZAEFIERITIRES
Rt R H 2 EHIF0

FH A SRS Hr R I 3 A A i R 2
T, g R A SN TS F e AR Y < SER BER” ) 32
FEJF PR GEIR IR R A A AR A SR S e G
R, (B2t M9 . A TR SR S5 N T AL i e 8
TER . N[ ISMS A g Xk 4 5 1R s e A ey
R PRI UE 10A B, Bra FEdh e o 2
FTHEYET 3.4 mg/LF T R AR /2R T ek
AR ) 131, TE ST v 22 i i B s v S R i
Z—o Zat ISMS ALPRJE BOFEIE, FsEnT 2 A /)N
WG, M 13.86 mg/L HEHIZE 15.23 mg/L. X HE
T ISMS VB B e 4%, B w5y bl | 251tk

RO S5 — R SWE AR T, HiF e 22 & e Ab 3
S RRHE BTAR L. BEZE ISMS AbERE 10T, SR
PER RSSO IS, BEAZHE IR PURLAR Y/ N2 100 pm LA
T, 5 DR Z AR AR, TAATE T 2h e b
B S Y PN S A A AR B 3R A T R BT A )
JE—FPE TR A PRI (Limonoate A-ring lactone,
LARL) R 18 1] 5 R PR 09 Ryt M &b frigi iy ==
D I N 7K i, LARL 2T P 5T ik sty
R, FEEEE R S EIINTY,

A 204
=) a
ﬁn 15 c b b
£
]

41 104
Ha
s
i
O_
0 60 90 120
JE )1 (MPa)

B 200

ey @ a H a

2

= 120

EH
Qi

809

2

ﬂ 40

0_
0 60 90 120
&1 (MPa)

P10 ANT) ISMIS A3 s oy 56f 4 R PR i i A e At 36
(A) Fkh B HF (B) & B 520
Fig.10 Effects of different ISMS processing pressures on
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Gannan navel orange pulp
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