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ABSTRACT: Objective To develop a non-thermal sterilizing agent suitable for fresh fruit juices using Fe;O4
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nanoparticles (Fe;O, NPs) as the core antibacterial material. Methods Magnetic separation-capable antibacterial
hydrogel microspheres were prepared by combining the antibacterial activity of Fe;O, NPs with sodium alginate. The
preparation conditions were optimized to endow the hydrogel microspheres with optimal antibacterial performance, and
the resulting microspheres were subsequently applied to the sterilization of not from concentrate (NFC) Citrullus lanatus
juice. Results The hydrogel microspheres prepared with a mass ratio of Fe;O4 NPs to sodium alginate of 2:1 and
solidified in 7.5% CaCl, solution for 0.5 h exhibited the best antibacterial performance. Fourier transform infrared
spectrometer (FTIR) structural characterization, water content, water solubility and component retention tests showed
that Fe;0, NPs were uniformly embedded in the sodium alginate hydrogel network via physical interactions. The water
content of 72% ensured that the hydrogel microspheres possessed flexible mechanical properties with low deformability,
and the structure and main components of the hydrogel were well retained. Antibacterial experiments demonstrated that
the microspheres significantly inhibited both Escherichia coli (Gram-negative) and Saphylococcus aureus
(Gram-positive), and maintained good antibacterial activity after 7 cycles of reuse and after 1 month of storage. When
applied to the non-thermal sterilization of fresh Citrullus lanatus juice, the hydrogel microspheres achieved commercial
sterilization requirements while largely preserving the juice color and heat-sensitive nutrients, and remained reliable in
sterilization efficacy even after the 6th reuse cycle. Conclusion The prepared Fe;O, NPs-antibacterial hydrogel
microspheres not only possess good stability and physicochemical properties, but also exhibit excellent repeatable
sterilization performance and quality retention capability for NFC Citrullus lanatus juice. This study provides an

efficient and reusable antibacterial agent for non-thermal sterilization of NFC juice, with promising application

prospects.
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Fig.1 Sterilization effects of hydrogel microspheres prepared by different methods
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Fig.2 Sterilization effects of hydrogel microspheres under different concentration ratios
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Fig.3 Sterilization effects of hydrogel microspheres under different curing times
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Fig.5 Physicochemical characteristics of Fe;04 NPs-hydrogel microspheres
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Fig.6 Reusability performance of hydrogel microspheres
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Fig.8 Effects of different treatment conditions on total plate count in Citrullus lanatus juice




BRSO ERAARL T - U K B/ N ER 1S A U 45 1 D PG T+ 9 9 313

5 16
200 -
150
=
E
=)
&9
g 100
ey
Bt
-
"
50
. =Ew
=M IKEEIE [SAENEN]
JNERALFR Kb PR
LISLlyrS

B9 AR FREAE PR P i T T B UL
Fig.9 Changes in total bacterial count in Citrullus lanatus juice
under different treatment conditions

o I S SO IO AR B R G, R IR
KA (R 1), RINFEELTHE . THLERLEE,
PO H BB B B o R o AR ] s £ 22 P 1
R, B2E(AE) AT % WS BLRE 5 2 HE 22 8] A0 26 i 1
B, — AR, AE<LS IR 22 S OACHR HE DL EE
1.5<AE<3.0 NPT/ ES, T AE>3.0 TRy W i 22
SO AW T, KEERNERAEFRAL Y AE Ky 1.43, J& T
INEARTE L, AN S b Ll N B3 eT R B A B4
1) AE 2N 3.40, FEBAILER AR 3R 5 Py IR B G mT B
JE, SR AR R B (8] 10).

BeAh, £ 1 I T AR FRAAE T RTA pH. &
B aE . ANAETEREY SR VO SR R 22 AR I
s B, SoKRER/NERIIRIE, PONTT 0 SR & A

VC WA TR, Ab B FE AR AR5 72 78 I T3 BLAG b3
AR ETE Y SR pH 5728 FUALH b i R 3 22 5
(P<0.05), {H £ 7 fB AT Ak 58 6 75 I A9 F IS B =2 I8
2T, ELRRARHR P il 38 ve Kk, H Vet
FRAUCHEI A 56%, H-5%5 F4 25 58 3 (P<0.05),

DL g R, M T R, KB /NER AL B RE
S R R T 1 SR (05 5 8 IRy, U A
PP VC BAT BRI ER, R F 408 I
i BT R AL
243 REJEDHRATEFE TGN R F 6 E AL R AL oM

B 11 JRIR T KBRS INERTEA [ FH U X 78 I
KR I 12 AT, BEEE BN, KSR/ Nk
HIK B RE B W R %, A GB 7101—2022 HIRLE, I 6 1K
ARFRE TG IR S IAF A B R EZDR, RS KMRE RS
SEMN TR DA 5 4 KA, I TERHETE A S
WIHAREVEREAR, & AT S GB 7101—2022 ZL3R, [FAlAT
2 KBRS/ NERAL B 5 A RE S b, TR BB — B RRAR, R
B/ INERATD P45 R AP 1 R BRI 1 o AR S 86 vh, 25 1
ST VR BB T R AR EBR ], JC e R S S T
Ko BHE 7 WK, REKER/NRGBIA S22 Q42
A 225, (AR SBOC ARG ERmE, &
R /INER AT 7E 52 B3 S8 6 Uk B0 A R T

F 2 IR TSR KB BT KB e/ NBR G 7 I 2R
fedbr le VC EHEisem . 78 1~7 S, #2K
B /NER AL BRI pH L, R . ATy ME A K vC
SRR S AR —E 25, (AERUKIAR R E
FERLHEL, JEAXS PG I b s A e, JCHR Ve R
TR G2 A I B FH 12 R (P>0.05), X FEUZAKEER /N
BRAE R —Fh AR =X, B R RR R T B R TS
PAEARPE, 38 TR B SR R RS A K B A 3

®1 FEAEEGEMTEER RN

Table 1 Effects of different treatment conditions on physicochemical quality of Citrulluslanatus juice

. . *= o LIpeed
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IKEERS/NERAE T 23.68£0.69"  8.58+0.99"  4.10+£0.89°  1.43£0.52"  5.98+0.02°  0.53£0.05"  19.15+1.14"®  8.83+0.06"
B IR b B 26.80£0.73°  9.37£0.33°  4.38£0.46°  3.40£0.75°  5.90+0.02°  0.65+0.05°  12.15£0.46"  8.93+0.12%

TE: FWFIARNG 55 oR 4 18 B AT 35 22 5+, P<0.05,

F10 A [l 4k PR A 0 PG T P (5 F) S

Fig.10 Effects of different treatment conditions on the color of Citrullus lanatus juice
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Fig.12 Reusability performance of hydrogel microspheres in Citrullus lanatus juice
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Table 2 Effects of hydrogel microspheres reuse cycles on physicochemical quality of Citrullus lanatus juice
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