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Abstract: [Objective] This study aims at solving the problems such as long drying time, single product shape,
and poor 3D printing capacity (easy blockage and weak bracing ability) in conventional processing of hawthorn
snack products. [Method] The low-sugar hawthorn jam and high-sugar banana jam were used as gel components.
The 3D printing was carried out with the optimization of dual-material combination gel formula and the
optimization of dual-nozzle 3D printing process. Furthermore, the drying characteristics of 3D printing were
analyzed and compared with those of conventional dried hawthorn products. [Result] The combination of
hawthorn jam with the sugar mass fraction of 26% and banana jam with the sugar mass fraction of 38% (A,B;
group) had the storage modulus (G'), loss modulus (G"), and apparent viscosity suitable for 3D printing. The
dual-nozzle 3D printing accuracy of A,B; group was the highest, with the outer diameter and height deviations of
1.04% and 1.08%, respectively. Compared with the production of conventional dried hawthorn products,

dual-nozzle 3D printing with A,B; group showed reductions of 16.67%, 20.65%, and 2.48% in drying time,
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hardness, and total sugar mass fraction but increases of 23.32% and 25.94% in mass fractions of flavonoids and

total phenols, respectively. Moreover, it enhanced the antioxidant capacity and flavor of the product.

[Conclusion] This study provides a solid reference of structural support for food 3D printing and the

development of the special-shape snacks.

Keywords: dual-nozzle 3D printing; hawthorn jam; banana jam; combination gel; quality
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Fig. 1 Dual-material dual-nozzle 3D printing model of a hawthorn snack
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Fig.2 Images of dual-material combination gels
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Fig. 3 Viscoelasticity dynamics of dual-material combination gels
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Fig. 4 Apparent viscosity of dual-material combination gels
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Fig. 6 Phase change processes of gels in 3D printing
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Table 3 Water mass fractions of hawthorn products before and

after drying in dual-material dual-nozzle 3D printing

41531 TRATK RSB % TR KGR U %
CK 4 50.030.80° 18.07+0.16°
AB 4l 58.13+0.44° 19.34+0.59°
AB4l 57.84+0.60° 19.55+0.43"
ABy4 57.81+0.41° 18.90+0.46"
A,B 4 57.21+0.70% 19.06£0.37
A,B, 41 56.59+0.48" 18.93+0.17%
A,By4 56.72+0.46" 18.47+0.43"

A BUAS [ 52 B R R 72 5 8 3 (P<0.05) .

MG T CK A, T B AHUMGE BT B ;= b YR
2011 5 R 2 R AR E A TRT T s ORI
R BE 0B T 150 5 5 ] R 40 & 4, BB B 45 R R
FER g, B B . AR 5 R
ISR — 8. 25 b ABVA HE A 1E N IRIA
L A ] ot PR BE T

4 RAPRLMEESL 3D $T BN L F il & Y B A

Table 4 Texture properties of dried hawthorn products from dual-material dual-nozzle 3D printing

21531 T /g & 1% /g B WH W /g i /g MR
CK 4 3 574+93¢ 1 457+66° 0.65+0.04¢ 1 088=40¢ 1 857+59¢ 0.52+0.03¢
AB 41 51754167 2 841+133° 0.76+0.05° 2933+159° 3 878+88" 0.75+0.04°
AB,% 4805+206" 2 670+£66" 0.66+0.03" 2 197+142° 3311+125° 0.69+0.04°
AB34l 3961+141° 1 835+108° 0.54+0.03% 1 380+159¢ 25514207° 0.64+0.03"
A,B 41 4197+154° 1 679£96° 0.60+0.05" 1 544+13¢ 2 559+86° 0.61%0.02°
A,B,4 33561761 1 350+106° 0.59+0.03° 1 035+156¢ 1759+197¢ 0.52+0.04¢
A,B3 4L 2 836+60° 1 154+70° 0.50£0.04° 789+77° 1 200+£66° 0.42+0.03°

7 R B A ) 7 B R OR 72 57 535 (P<0.05) .
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ng/g, B CK F il i 73 7 $& & 17 23.32%.25.94% -
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x5 FRLESGTFRIAIGHEFESEL

Table 5 Differences in nutrient composition of different hawthorn products before and after drying

5] SRR EY VR A 4% BT o 4 B ST ) FREREN TS Y
(mg/g) (mg/g) (pg/g)
CK LA B ] it 26 48.89+0.86° 12.46£0.47¢ 22.42+0.44° 27.96%0.67° 15.70+0.42°
CK LA il it 28 74.10£0.97° 20.09+0.19° 16.81+0.64¢ 19.43+0.31¢ 10.09+0.23¢
A, B LA B 1) i 2 43.21%0.38" 13.910.38° 25.31%0.19° 30.24+0.49° 17.44+0.32"
A,B L i) i 2 71.62+0.73° 21.32+0.46" 20.73+0.28° 24.47%0.40° 12.31%0.13°

E RSN R 7 B 30K 22 57 B 35 (P<0.05) .

234 FH&mAINKES

ALB; LA T 1 5 5 CKO A T i) B A b B
JI W3 6. AT LLE H, A,B, th 4% 1§ & ) DPPH H
B2 BR 2 CABTS ™ B 535 Br 2 ik J5 77 43 5l A
(48.29+0.82)% . (81.38+0.56)%.0.51+0.01, 5 CK

LA - ) A B 2 S 3 1R 21.76%1.21.07%124.39%
H AR E 27 (P<0.05), XAt T AB; 1l
R ) 0 3 B 3R o B BT, 18 R AR
38 2 42 T 7= S B BE 703X 5 Lin 2500
s R —5.

#o6 AELETHRIREMENTL

Table 6 Differences in antioxidant capacity of different dried hawthorn products

2151 DPPH H 14 75 B % /% ABTS™ [ HHE3 B % /% &5 Jg
CK il # il il 20 39.66+0.13" 67.22+0.59" 0.41£0.02°
A,By LA T ] i 21 48.29+0.82° 81.38+0.56" 0.51+0.01*
T [ A A R 7 BE R OR 22 7 35 (P<0.05),
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AsBy 1t T 5 CK R T 1 kG T °l AR LETRIR
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% i 99.29% , % W] % Rk 48 4 7 (PCAD T BL R A7 Ji =2
SR 2 S BE i B 22 5o AN [ RE L AE PCA B ok 6f
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Fig. 9 Electronic nose data of different dried hawthorn products
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Fig. 10 Sample pictures and sensory evaluation of the products from dual-material dual-nozzle 3D printing after drying
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