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Edible Colloids-Processed Cheese: 3D Printing Characteristics
and Molecular Interactions

ZHOU Xinyi', HU Gangliang’, WU Hongyu?, CHEN Kai', FANG Ruosi', XIAO Gongnian""

(1.College of Biological and Chemical Engineering, Zhejiang University of Science and Technology,
Hangzhou 310023, China;
2.Hangzhou Qiandao Lake Kangnobond Health Products Limited Company, Hangzhou 311700, China)

Abstract: This study aimed to improve the 3D printability of processed cheese by investigating the effects of different
colloids (xanthan gum, guar gum, and curdlan) and addition level (0.1%~0.5%) on sample molding properties. Using
Anchor processed cheese as the base material, processed cheese was prepared by incorporating edible colloids. The 3D
printing performance rheological properties, thermal behavior, and microstructure were systematically characterized by
using a rotational rheometer, differential scanning calorimetry, Fourier transform infrared spectroscopy, and scanning
electron microscopy. Rheological results showed that all samples exhibited typical shear-thinning behavior. At a curdlan
concentration of 0.4%, the sample reached an apparent viscosity of 40 Pa-s under a shear rate of 0.1 s, and the storage
modulus consistently exceeded the loss modulus, which indicated a dominant elastic response. 3D Printing tests demon-
strated that samples with 0.4% curdlan exhibited the highest printing accuracy, structural stability (the morphology
remained intact within 60 minutes), and structural integrity, which was significantly superior to other colloids systems. In
summary, 0.4% curdlan could effectively enhance the 3D printing quality of processed cheese, providing a theoretical refer-
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ence for 3D printing technology in dairy products.
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Fig.1 Rheological properties of cheese under different types
and dosages of edible colloids
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Fig.2 Effects of different types and amounts of edible colloids on the viscoelastic modulus of cheese samples

T () IUR BR AR RERC I Hh 2k (b) JIUR G T 25 (o) BB AR RERC R fh2k; (d) BB FERC R fh2k; (o) I AHAR I il

AERLE 2k (F) AT AR SRR IR i 26

P18 0.4%. 0.5%. 0.4% B, G'5G" ik FIIE(H, 1tk
A SR 1 TG R B B RS AS i s 4 a2 1k
HaF B, FAELRER R X R PN, T IR R G E
R T GME, BERHAR S EAE B 22 0 st o
F A RFAER, IR AT AT H TER A )
BHYPUBASRE T -
2.2 ERRXTEHIERTENF AR

&l 3 JRoR T ANE] LU Ag B JE e . TR 2 J8E K vl A5
SRR P W W 3D T BN R ASE Y fl 7 55 SR 1) 5%
iy, FTERFEARAN [ S R PP o B e EOWLAY)
Fabw, FLATER ST A A PR 5 P 1 1 i e AR AR
SrFIaWEFH 1SR 2R UIAH G . 3T EN SR ASE Y
FES AT A EDWHLE H, B BRI a8, $TEpSH
TR B T, JE U A o 2 =R A S N H R A
0.1% B, FTENRE SRR 1E, FTENSCEEANTE M, JHorp
PRSI I SCHE R 25 o U T ISR IS INEETE 0.4%

Bt kR B B g i TER AN, I BT ERS 614 0
FasE i (32 1), KA e & B SR A 6 3
= G, (AR S NSk rhdss R RBYERFF TEN /S
MR . AAEE T AT AR AR 0.4% T ERE b, 25 R
0.5% FJR/RE K 0.4% 1% 3D FTERFE SR A B T
VT 2% 1T = A A /NI, 3 PR SR B SRS 0.5% FITJIVR &
JBZ 0.4% MIRESL RN LS, S EHEST R P 25
B MNTZZ, 3X 5 2.1 AYRAESS AR EDIE
2.3 BRARXEHIEEEENS

B O E TS 2 BB 52 BE 0 G 4E
fw, FLE LA X 77 ST g sE 4 ) B R ),
2% 2 M43 BN I AS 6] EEA) 1 TR 88 o i i
A AR R X 3D FTEN WS M A iF r sl . RSN &
FH B BRI W5 l% LB 91.31, a™H N—1.33, b™EH N
10.18, &5 5 3 B AR 6 5 IS 1 I RE A REEAICAE &
M L", A REJZ RAR A 5 8 U R 45 6 )5 el 2s 1 BE IR



3474 5 16

JRfRAR , 4. C - PR, 3D TR R A TAT AR - 133 -

0.5%

0.4%

0.3%

0.2%

0.1%

3 AR R At 2 Y 3D FTEP Il AL
Fig.3 3D Printing effects of cheese with different types
and amounts of edible colloids
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Table 1 Effects of different types and amounts of edible
colloids on the accuracy and stability of 3D printed cheese
Bzt WL (%) AR TR BRI

0.1 91.67+0.138  90.08+0.43"  89.23+0.37'

0.2 95.04+0.22¢  89.36+0.11"  92.50+0.29"

FTENKSHTE 0.3 96.30£0.19°  94.57+0.20%  94.42+0.32°

0.4 98.62+0.03°  97.54+0.24°  96.27+0.19°

0.5 96.55+0.09°  96.72+0.36°  97.36+0.17°

0.1 94.28+0.13°  92.71+0.27¢  91.39+0.14

0.2 95.54+0.17¢  92.25+0.11"  93.56+0.22"

FIENERETE 0.3 96.70+0.13°  94.57£0.29°  95.60+0.15¢

0.4 98.71+0.07°  95.66+0.23¢  96.75+0.12°

0.5 97.59+0.21°  96.68+£0.17°  97.69+0.16"

T PR — AR AN R TR FRoR 22 R M (P<0.05), F2[A] .
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HY 3D FTERWIAE Y b EARELE 14.84~15.19 Z[a],
215 (P<0.05) TURIK S (B RAEL 10.94) Fl e
(B RAH 14.13) o X JE P S aT AR AR B i SR e 45
P EATRCVE, A AL T ag i S e S &
Ky, SR BT b ERRCRP
%2 RRIRSRARINR B 3D FTENUSHS €710
Table 2  Effects of type and amounts of edible colloids on the
color of 3D printed cheese

EHIBFZE BN (%) L a b

0.1 91.11£0.12°  0.44+0.08°  15.07+0.13°

0.2 91.01+0.02°  0.40£0.06"  15.19+0.04*

AIARARIRE 0.3 90.72+0.07"  —0.01£0.18°  14.84+0.05°
0.4 91.20+0.09°  0.37+0.05°  15.07+0.11°

0.5 91.12+0.14*  0.52+0.02°  14.98+0.13°

0.1 89.27+0.03"  —1.55+0.18'  10.94:+0.05¢

0.2 89.25+0.12"  —1.66+0.06%  10.42+0.02

JROR T 0.3 89.51+0.07¢"  —1.58+0.11  9.99+0.13'
0.4 89.67+0.09%  —1.60+0.07%  10.18+0.18

0.5 89.98+0.04 —1.51+£0.02'  10.61+0.07"

0.1 87.59+0.09' —1.73+0.15' 8.27+0.11™

0.2 90.77+0.11°  —1.36+0.16"  10.03+0.09"
EV 0.3 90.41+0.23%  —1.22+0.09%  11.64+0.04"
0.4 90.29+0.19°  —1.07£0.13"  11.66+0.06

0.5 90.26+0.16%  —0.78+0.11°  14.13£0.07°
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Fig.4 FTIR spectra of 3D-printed cheese samples with varying
types and concentrations of edible colloids
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Table 3  Effects of different types and addition levels of edible
colloids on the thermodynamic properties of 3D-printed
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