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Preparation and Storage Stability Changes of Granules from a
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Abstract: To improve the application convenience and storage stability of the White Shrimp Hydrolysate-Xylo-Oligosaccharides Maillard
Reaction Product-Zinc Complex (WH-XOS-MR-Zn), granules were prepared by wet granulation using WH-XOS-MR-Zn as the active material.
Granule formation rate, dissolution time, hygroscopicity, bulk density, and angle of repose were used as evaluation indicators. The preparation
conditions were optimized by a weighted scoring method, single-factor experiments, and response surface methodology, and the structural
characteristics, solubility, and storage stability of the granules were further evaluated. The results showed that gum Arabic was the optimal
excipient. When the mass ratio of WH-XOS-MR-Zn to gum Arabic was 2.05:1, the ethanol volume fraction was 79.90%, and the wetting agent
mass fraction was 30.01%, the verified comprehensive score reached 94.85. Fourier transform infrared spectroscopy, X-ray diffraction, and
energy-dispersive spectroscopy showed that zinc was successfully loaded and dispersed in the granule matrix in amorphous and/or
coordination-bound forms. The granules completely dissolved within 1 min in hot water at 50 ‘C and within 3 min in cold water at 10 “C. After
accelerated storage at 60 ‘C for 10 d, the ABTS and DPPH radical scavenging activities decreased by only 14.18% and 6.34%, respectively,
while the moisture content increased from 2.98% to 5.01%. After 20 d of sealed-package storage, the total bacterial counts in the 4, 25, and 60 ‘C
groups were 1.81, 2.16, and 1.83 Ig CFU/g, respectively. These granules improved the reconstitution performance, activity retention, and storage
stability of WH-XOS-MR-Zn, providing a theoretical basis and technical reference for the development of solid food-derived zinc supplement
formulations.
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i SRUR R 3k, ERPLERLCFMERR. KA SPSS 27.0 #H47 AN K 5 2434 (Analysis of Variance,
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Table 1 Effects of Different Excipients on Granule Quality

Material ~Forming Rate/% Dissolution Time/(s g™) Hygroscopicity/% Bulk Density/(g- mL™) Angle of Repose/ Comprehensive Score

EF A 86.1020.16° 228.2240.98° 14.6640.61° 0.556.00° 25.6040.12° 78.9840.38"
MRS 92.9020,39° 311.1144.70° 17.6540.65° 0.4740.00° 23.2040.14° 74.0140.35°
FTifamtic  94.5420.11° 170.8440.71° 7.7430.77° 0.5240.00° 26.1240.22° 91.93+.33

Tk 92.5843.37° 302.3142.02° 5.90-45.08" 0.3740.00° 27.3540.18° 80.85:4.67"

E: RS ARNBFREEATEFREE (P<0.05).

a b
© @
¢ g
3 3

d e

5

§ £
g §
Qo o

S
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Fig.1 Effects of Factor Interactions on the Comprehensive Score of Granules

E: a. by cAmEEA; doe. TAFHLEA.
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N 170.84s g™, WHIBHRA 7.74%, HEHEE N 052 gmL™t, RIEMN 26129 L4 iErikH) 91.93, S& M T4 4
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VAR A I KR B A A T o002, R (-2 B A R R I TR R R S B P
SNEVE RO ORE P S S FRERCPER . SRR EAR R R, ASRIG TR IR AR 7.74%, AR T2 2RI
R 14.66% AT VETER ALY 17.65%, Ui H AR T REAUBRAA R PRI K TR AR XSS . A2 T, 22
SPREZ EME R LR, (BRI R 14.66%, SR HAE RIS R RESE ) R AR M iERS; AT AL 1L
IRV, AT RE -5 Ty BRI K B2 A AU P AR B 8N 2% SR 2T 4 R WG R IR, (HHER REAL
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Fig.2 The FTIR spectra of Granule
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e AN PRI VAR A S5 A A
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intensity
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2609

3 WH-X0S-MR-Zn & &4 5 BT XRD T5H45R
Fig.3 The XRD patterns of WH-XOS-MR-Zn complex and Granule
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£)1.00 keV AL T W) Zn FHEWE, IESEEF ORI AT BRI . 458 FT-IR 1 XRD 45 8] 41, Mk
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Fig.4 EDS analysis of Gum Arabic and Granule
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B)S1ER; E 10 CAIKH BIAMEE BEARXT S, 5 3 min PR ATSE4IA M, RSB R, YU siEiTy.
4 B R R AP AR B IR AR WH-XOS-MR-Zn (7K 38k, SOt e ks, B4R Gk
AR e R, A G G A TR B RS TR TR e AEJREREFR, UL A BRI A AL G 2
BB MRS, NSRS N B AR IATIA 0 HORAS o BTRLAA RS R ISR PR AL RE
JIRIREEAR Gy BE NERE A8, (RBDREAE PR R BRI AR 20 B WH-XOS-MR-Zn. BB EMREME Ak
RN FE R, Sk 22 WL 57 A 30 3o 4038 2 B R R s R T I M PR 0 8 St s 2R G S P S P A 202420,
PRI, AR FAE A RK PP ) SO I AR A LA R RITs B ErE A ANFE B 5 1 S FH J6A . Arumugham 225R
ZE RGBT R AR PR — T BERA R S5 A RS R, T RV 90.00%~92.00%, 5t BRI H fH e B2 15 B
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PRI B i AR I K 2 ik o« ARG, WH-XOS-MR-Zn FikiFI7E 50 ‘CHwK 1 1 min P 58 4@, #£ 10 C
A7KH 3 min Py T AR RN, BTRATRIRALA LI TR 170.84 s g, JT T2 SEMIRSALI 228.22 s g™ RTTT I
VERMAR 31110 s g FIREEHEA, B AT VN R SR v R B, AR b e
ST R AN R VA E

5 FRGTIZE47K (10 °'C) H#uk (50 C) AN
Fig.5 Solubility of granules in cold water (10 ‘C) and hot water (50 C)
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BRI SR TN E L AR NN S SRR, e 10 d 5 P9 T ml e IR TR v, (ELRORESR S
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WH-XOS-MR-Zn FEFIER P, e 1 HAE i R e k. Mkhari 25205 FH BTRr AF0 A 2 25
R LR EEARSE I BB, ANFREM AR IIAAE — e RIS, LIRS RE I AR 5. AR5,
60 ‘CI7jk 10 d /5 WH-XOS-MR-Zn JFEHE I BT A58, MR GRS e RIS 45 BBk & &
X H1 2.98%7F % 5.01%, (T FRHG A H 3.12% 712 6.85% AIARALIREE, T BIIER R BB hi A e e o A Bh
T AR A ) B E MUK /R K. Nooshkam P36, e /2 N = IFE i iR 4% 1F T AT fedkal i 4 Ak
A, DRI RS DA LI T DR, AR T JE AL WH-XOS-MR-2Zn il ekt J5 A2 46 1) gz e
YER

Time/d 2 4 6 8 10

WH-X0S-MR-Zn 5kt

WH-XOS-MR-Zn i)

B 6 fniEMCGEEAEREmINREL
Fig.6 Appearance Changes of Samples During Accelerated Storage
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W 7 fos, BEREIN TR E K, WH-XOS-MR-Zn J5RL 5 Rtkiii¢) ABTS Al DPPH H HBEIERRAE /3 2 T %
s, UL BRI AR R I BUEATE MR S . SERAE N P IPTE A E PR SRR AR
B ERRIMEY NSRS TESR AR, FHEMER A b, &b g iU SR SR )E
FRIFAEFP, JFRFAIC I 10 d J5§ ABTS A1 DPPH [ LI KR A /150 T 4 37.96%01 25.70%, MRtk
B% 14.18%F01 6.34%, X MR EA =S5k F] 85.8200F1 93.66%. FURLFIAEE i) H FHILTEBRAE JI AR B 2 UL, Bl Af
W AR T et i PR MK ey VA s iR, TTIEZE WH-XOS-MR-Zn LSSk 1X3
I -4z A AR TR RO R o T A 250 WH-XOS-MR-Zn HTEMIE LRI HALHI TR EE . — ORI e 1
R GE RGPS TG AL SR R B B i BRI R BN WH-XOS-MR-Zn T B/ B e, ik
G reila T EE— 5488 SR = SR A JEoA P L 2R T A AT [ SR AR P BRI, TIOR3 41 5 4200,
PRI, WH-XOS-MR-Zn JURL 5 AT 40 9 B R PR S A8 8 A D RERY B E b A8 RORL 711«

a b

°
S

—— WH-XOS-MRP-Zn 60 - —— WH-XOS-MRP-Zn

— Granule — Granula

80 F

50

nging Activity/%

70

avenging Activity/%

40 -

DPPH Radical Sc;

ABTS Radical Scavel

30

Time/d Time/d

& 7 fMniEICGEEREE BB E AR T
Fig.7 Changes in Radical Scavenging Activities of Samples During Accelerated Storage

Z: a) ABTS A @i ATRAES; b A DPPH A ik iFirat ).
243 KoeEift

Nl 8 firr, Tyl EoR SRR 7K 70 & S BT BT, X AT RER R i S RV LR, i
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Fig.8 Changes in Moisture Content of Samples During Accelerated Storage
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Fig.9 Color Changes of Granules During Sealed Package Storage

E: a LMA; b A bAh; chafi.
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Fig.10 Changes in Reducing Sugar and Total Acid Contents of Granules During Sealed Package Storage
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Table 2 Changes in Total Bacterial Count of Granules During Sealed Package Storage

Time/d
Storage Temperature /'C
5 100 15 20
4 100 115 148 177 181
Total Bacterial Count/[lg CFU/g] 25 100 138 167 198 216
60 100 118 134 154 183
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