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Quality Fidelity Changes in Fruit and Vegetable Gels Used for 3D Printing

under Coordinated Control of Multiple Environmental Factors

XU Jinjie, GUO Zhimei , PAN Yidan
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Abstract: To investigate the effects of environmental factors on the quality fidelity of fruit and vegetable gel materials
(pumpkin, banana, spinach) before 3D printing processing, changes in quality parameters (including colorimetric values, moisture
content, total chlorophyll/carotenoids, vitamin C, total phenolic content, flavonoid content, and ABTS radical scavenging rate) of
the gels were quantified under varying environmental conditions (room temperature, low temperature, high humidity, low oxygen).
These parameters were then comprehensively evaluated using principal component analysis and a quality-fidelity calculation model.
The deterioration of the three fruit and vegetable gels was effectively inhibited when stored under coordinated control of multiple
environmental factors (low temperature+high humidity+low oxygen). During storage, retention rates of bioactive components
exceeded 60%, color differences were significantly reduced (P<0.05), and the highest composite scores were achieved. Under
the coordinated control of multiple environmental factors, the quality fidelity of pumpkin, banana, and spinach was effectively
maintained after four days of storage, reaching 72.23%, 64.83%, and 68.35%, respectively, which were more than two-fold higher
than those of the control group (32.72%, 24.27%, and 33.22%). In conclusion, the quality fidelity of fruit and vegetable gels can be
successfully improved through coordinated control of multiple environmental factors (low temperature+high humidity+low oxygen).
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This study provides a theoretical basis for the storage and preservation technology of raw materials for fruit and vegetable gels.
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Table 1 Weights analysis results of various indicators of the gels

K EWMFNE/ETSEE %A EC BBy 1 &2 ABTS
Rl 0.74 0.44 0.72 0.68 0.47 0.67 0.63
AR A 0.28 0.36 0.28 0.29 0.38 0.31 0.27
#JN _
RRFEH 0.37 0.81 0.40 0.43 0.80 0.46 0.43
RE 0.10 0.22 0.11 0.12 0.22 0.12 0.12
FH¥a 0.73 0.43 0.60 0.61 0.53 0.53 0.50
AR E 0.28 0.35 0.30 0.31 0.35 0.37 0.33
HE
RFFH 0.39 0.82 0.50 0.51 0.66 0.69 0.67
mE 0.09 0.19 0.12 0.12 0.16 0.16 0.16
L 0.72 0.54 0.71 0.68 0.69 3.81 0.55
- AFfEE 0.29 0.33 0.29 0.26 0.31 2.75 0.33
HE
TR FRH 0.40 0.61 0.41 0.38 0.44 0.72 0.60
mE 0.11 0.17 0.11 0.11 0.12 0.20 0.17
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WK 2 fron, HET % Wi bR E v 55T 1 = Fh ke
JR P RE AN [B] PR 2% A1 T Il 1) o S AR ST o S
R ERD it o PR L I R A 1) PR G Iy B, L g R
R3S B J A R R XS R I B 5 e A [ BT
[ P PRI = AH K BRI — RN BRI — 10 5 £ R AT 42
FHE IS 10%, A0 R AT 4 T 20%. 7R AR
4 R, W= TG N, FE. ML
GIREE 5N 72.23%. 64.83%. 68.35%, i1 ¥R
— AN A SEE T 48.70% 34.11%. 49.75%, &= T
N IR A1) 32.72% 24.27%. 33.22%. RI6 45 R KW,
FENE B Hho6) 22 BRI R 2 1) 18 4% i B 0 (1 24 RF SR R
TR JZ IR it BT o A SR AL B AR BT 1) 8 ) SR R R b R
P, AR AR 55 22 20 5 DR 3% 1 () 20 1 428 R B i 4 ¢
Hoah B,

% 2 RETE TRERYEIGRREEST
Table 2 Quality fidelity of gel materials under different

environments

Bk e 7 PREE /%

FE - OWEMA xymm mE— B FEE
0 100.00  100.00  100.00  100.00
1 61.52 73.82 82.52 93.15

N 2 49.13 64.96 66.01 85.65
3 43.20 57.73 59.23 76.64
4 32.72 4870  49.60 7223
0 10000 100.00  100.00 10000
1 51.41 65.13 69.17 89.39

& 2 39.17 56.22 59.24 81.32
3 34.73 49.32 46.50 75.32
4 2427 34.11 36.25 64.83
0 10000 100.00  100.00 10000
1 65.91 78.55 83.12 90.21

bE 2 51.39 72.16 70.51 81.92
3 4432 65.96 65.77 81.69
4 33.22 49.75 50.14 68.35

3 g

AU T T 3D ATENAY R, AL
SIS BT BRI AR AN [7) R 858 2% AR I 58 393 18] Fr) €6 35 A
B AACIE DL, I S R 0 A kB PR R
THE RGE R PR i BTHEAT T SR AR
WY, SR IR P ) SRR B Y MR PR, T
IR e A1 R B 22 PR 5T DR 3R 42T B T v R A W e
AR RE TR S0HE TR R AE . > ST RE
JIRIBEAR,  ELAE I8 F] I (8] T 28 515 70 ia 25 e e
WA 4 RN, 22 PR R R T B R 5 ORI

FEAS T 60%,  FHX = i 55— RIS I P2 N o 5T £
FESETHER L 20%, IESE 2 M T A IS A Bl T 4R R
e Bt I RRR 5o T ARG R MR} R B T
AT, H AT SO AR R IS . RSk
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