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Abstract

3D food printing technology is one of the most popular technologies now
today, which main purpose is to print food materials with a three-dimensional
structure through a 3D printing machine. In this experiment, high methoxyl
pectin was used as substrate, pectin jelly candy was printed by using 3D printing
technology. Investigate the effects different concentrations of pectin solution of
10-16 %(w/v) on the printing of pectin jelly candy by 3D printing. The results
showed that the water activity of the pectin jelly candy in different pectin
concentrations were lower than that of the general microbial growth, which
water content was less than 25 % when pectin was added more than 12 % (w/v).
The rheological property results showed that the viscosity of each pectin jelly
candy decreased when the shear rate increased, where shear thinning fluid were
indicated by means of the material could be extruded easily. Pectin jelly candy
with 14 %(w/v) had better storage modulus and loss modulus, was no obvious
structural collapse on the printed product that; Maintaining a good target pattern
and graphic height. Printer parameters of nozzle height of 1.5 mm, the extrusion
rate of 0.030 cm?/s, the printed layer height is 1.5 mm, nozzle moving speed of
10 mm/s, and the nozzle diameter of 2 mm, showed no obvious structural
collapse while maintaining good target pattern and pattern height. In physical
property analysis, 14 % (w/v) pectin jelly.candy showed better cohesiveness and
springiness, than the other. For preservation analysis, pectin jelly candy stored 0
to 2 days showed a significant decrease in height, whereas no significant
difference showed between 3 to 6 days. The water activity showed same trend
with the height of stored pectin jelly candy, where no significant difference after
the fourth day. In conclusion, when 14 % (w/v) pectin jelly candy, appropriate
printer parameter conditions were used, a finer pattern and; target product height

could be printed.

Keyword: High methoxyl pectin, 3D printing, Rheological Properties, 3D

Printer parameters
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Figure. 2-3. Ink Jet Printing (Sun et al., 2015)
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Figure. 2-4. Selective Hot Air Sintering and Melting (Sun et al., 2015)

16



Scanner

Laser

Sintered part
Roller

Powder bed

Powder dispenser piston

B 2-5~ B & 14 T Sl B
Figure. 2-5. Selective Laser Sintering

17



22 3D A § R
3DAEZ AM B A g M 2l ek H-BELER

>

G4 3B EiE- HRIBGFRROT EHE > LR AT E

g

£ o B S S Gl T 3D A B AR S

'3

F_&
ay
et
:\.\

A

<k

B ild oz 3D A § 74 ¢ 5 FE S hp AT o BT
B i 3D e o B TREERE R
A TR T 8% 3D 2 MBS & 7 LR AT
PR Jpf R e R e B R 2 h . W M e R S R A 4 7

el f ko il R0 A Re 6 % 3D B gtivL & B

=

22.1 3D 5|5 & 52 87

3D P e & i % G BT S AR L R A S g
Cartesian ~ Delta ~ Polar » Scara 73| > 4c®] 2-6 o

Cartesian #$4] > 4o 2-6 A> A B E 5 it T 2 L 25
SXYZ b 48 F i F Z o2 2 AT 5 B S E - i
SEESIEST Y S R LN I S IE S S S
E e XYZ #hz. KR E(Sunetal,?2018) -

Delta #$73] > 4B 2-6B > # S35k ¢ 0= £ 752 fe ¥ »

18



wE RIS B U BE P E 2 LFR 2 A5 St
RA ez ? o832 el BB’ v RS aE
s 2 A (Sun et al., 2018) o
Polar # 4] > 4rf@] 2-6 Co> pt 3| &7 @ T 5 5 F1A52. 28 5
ERERLE RUE S R EE S R I S R e SRR
ey e Rl s < B4 2 88 (Sun et al., 2018) -
Scara #$4] » 4B 2-6 D> #2320 3 47 3t 4 £ AR ;N2
AR F XY Ta 0 iR S L F 7 i B oh

4 22 2 (Sun et al., 2018)

222 3D 5|52 & il

3D AR & gk IRAIEIEE KA i e gl A A A
HEE R b O AT U REA S SR A R

& IR G B M ORRER R o EPN IR R R F R L s Y

F s s bl L 4B > 6 PRI D G S R S g B

19



% 2-1~ & 53D 7| &P Ho bz g

Table 2-1. List of 3D printing techniques applied for food design.
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Table 2-2. Various extraction sources of pectin
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(Young et al., 2017)
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Figure. 2-8. Relationship between shear rate and shear stress of various
fluids(Steffe,1996)
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Figure. 2-9. Relationship between shear rate and viscosity of pectin
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Figure. 4-1. Food 3D printer
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Bl 42~ B 2 A T2l s A
Figure. 4-2. Injection cylinder holder of fixed plastic syringe
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Bl 4-4 ~ i B i B iE 2 i Bt
Figure. 4-4. Connecting stepper motors with plastic injection cylinders
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Figure. 4-6. Correlation diagram of viscosity and shear rate of different pectin
concentrations
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Figure. 4-7. Correlation diagram of shear stress and shear rate of different
pectin concentrations
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Figure. 4-8. Analysis diagram of storage modulus of different pectin
concentrations
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Figure. 4-9. Analysis diagram of loss modulus of different pectin
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R~F:20x20x 20 mm

Bl4-11- 2 EBERrR 7t > U8 (A=10%-B=12%-C=14% -~-D=16%w/v) °
Feeorf s gsdd R 10mm/s> FEEE /L 2mm @A F 1.5 mm » #F1:# 5 0.030 cm’/s

EEE A 1Smmo & 2 5 leme
Figure. 4-11. Printing hollow positive actuators body with different pectin concentration (A=10% ~B=12% ~ C=14

% ~D=16%w/v) o
Other printed parameters Nozzle movement speed 10 mm/s, Nozzle diameter 2mm, Printed layer height 1.5

mm, Extrusion rate 0.030 cm®/s, nozzle height 1.5 mm. each square is 1 cm.
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R~F:37x37x 10 mm

BA4-12 2 %R EE 3332 2 HESAE (A=10%-B=12%-C=14% -D=16% w/v) °
B @ s #ed A 10mm/s s FEEE /L 2mm -~ 8K 3 1.5 mm > ##:0:E F 0.030 cm¥s

EEE A 1Smme F 35 leme
Figure. 4-12. Pectin jelly candy with different pectin concentration printed with star shape (A=10% ~B=12% -~ C=14

% ~D=16%w/v) o
Other printed parameters Nozzle movement speed 10 mmy/s, Nozzle diameter 2 mm, Printed layer height 1.5

mm, Extrusion rate 0.030 cm?/s, nozzle height 1.5 mm. each square is 1 cm.
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R<F:27x27x 10 mm

B4-13~-2 5 ERper @€ ol $BaE2B (A=10%-B=12%-C=14% -D=16%w/v) °

duerfldfofgspdd A 10mm/s, FHE /A 2mm - 8EF 1L.5mm -~ #H:#E 5 0.030 cm¥s ~ 7
BEB AR ISmme & > 5 lecme

Figure. 4-13. Pectin jelly candy with different pectin concentration printed with heart shape (A=10% ~B=12% -~ C=14
%~D=16%w/v) -

Other printed parameters Nozzle movement speed 10 mm/s, Nozzle diameter 2 mm, Printed layer height 1.5
mm, Extrusion rate 0.030 cm®/s, nozzle height 1.5 mm. each square is 1 cm
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R ~F:20x 20 x 20 mm A B C D

Bl4-14~ 2 P 3 R AS RS- & 28 (A=05mm - B=15mm -~ C=2mm ~ D=3 mm) -
duerg g gstdE ik 10mm/s s FED/E2mm> 8L F 1.5mm > @ F 0.030 cm’/s
ﬁ“ﬁéﬁ]ﬁét 14% w/ving ? & L& o 538 % leme
Figure. 4-14. Different Nozzle height of pectin jelly candy first layer (A= 0.5 mm ~ B=1.5 mm ~ C=2 mm ~ D=3 mm) °

Other printed parameters Nozzle movement speed 10 mm/s, Nozzle diameter 2 mm, Printed layer height
1.5 mm, Extrusion rate 0.030 cm?/s. each square is 1 cm
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R~:20x20x 20 mm

Bl 4-15~ 2 lerfep 8 B o W5 fpE= 2B (A=0.5mm ~ B=1.5mm ~ C=2 mm ~ D=3 mm) °
Be @i Aid R 10mm/so e/~ 2mm > @A 3 1.5mm > #41:# 5 0.030 cm’/s
t“%]%i,j&ﬁ 14% w/verg ® 5 %% o5 34 % leme

Figure. 4-15. Different nozzle height of pectin jelly candy( A= 0.5 mm ~ B= 1.5 mm ~ C=2 mm ~ D =3 mm) °
Other printed parameters Nozzle movement speed 10 mm/s, Nozzle diameter 2 mm, Printed layer
height 1.5 mm, Extrusion rate 0.030 cm®/s. each square is 1 cm
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R~F:20x20x 20 mm

B 4-16 ~ # 32 Fer @ &9 g4 3B (A= 0016 ecm?/s > B = 0.030 em®/s ~ C = 0.045 cm®s ~ D =
0.056cm’/s) - His P S B FpAFE R 10mm/s > FEREL2mm> “RE S 1Smm> F B AR
1.5 mm - ﬁ“Fﬁfl%;‘;’J&ﬁ 14%w/Nven®B ? % 5% 538 % 1cemo
Figure. 4-16. Different Extrusion rate of pectin jelly candy (A= 0.016 em®/s ~ B =0.030 cm®/s ~ C=0.045 cm’/s ~ D =
0.056 cm’/s ) o

Other printed parameters Nozzle movement speed 10 mm/s, Nozzle diameter 2 mm, Printed layer height
1.5 mm, nozzle height 1.5 mm. each square is 1 cm.
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Table 4-1. Pectin concentration, nozzle height, extrusion rate, height of pectin jelly candy

Height (mm) Height change (%)
10 % 1731 +0.12°¢ -13.47 £0.59 ¢
12 % 1822 +0.13° -8.90 + 0.66 °
Pectin concentration
14 % 20.53 +£0.27°2 2.67+135¢%
16 % 18.12+0.10° -0.38+£0.52°"
0.5 mm 18.17 £0.09 © -9.13+£045°
1.5 mm 20.13+0.58 0.65+291°%
Nozzle height
2 mm 19.41 £ 0.05 2 2.97+£027%
3 mm 19.32+0.22° 342+1.12°0
0.016 cm’/s 17.72 £0.20° -11.38£1.01°
_ 0.030 cm?/s 20.06 £ 0412 028 +£2.03%
Extrusion rate
0.045 cm’/s 17.27 £0.14° -13.63+0.72°
0.056 cm’/s 1558 £0.33°¢ 2210+ 1.67 ¢

All data is presented by mean + standard deviation , n =3
Means with different letters within the same column are significantly different ( P < 0.05).

68



F17; 8 3 P A endg b 1a B € o B dieim S F 318 K 5
17.27 £ 0.14~1558 + 0.33mm> ' p &8 & < 13.63 + 0.72~
2210 + 1.67 % Fdid F ~ § HRFpDPLE T A0 97F 8 5

PR S g R R A - R(Wangetal., 2017) ¢

434 % PF'EFﬂ% TR % ggﬁ.%
dRrBARECUEBR 1152 25mm &5 % Bk

el BR e SR R ARl 4-17 - £ 42 - mMEEAE F R |
mm> & EE BRI AR RFLEEAE R MO
B R R F A UEMRY o FEE BRI RA BRET R
PR AR B R S 21.55+£0.74mm 3P 3 A 7.75£3.69
%> HRF iUk RR €& EEDE M
ERAABRDH SR A B AES T 2225mm &G F

FORFA AR RFEER IR RN RF PR EB R
BOHOEZ R REFIPEEIGE AL PR Ay
WARY omdRlE R A KE R A% RS 1778+
0.33~14.10+0.10mm > &3 p &% & 11.08 +1.63 ~29.50+0.50
%o Bz WA B R G 1LSmmo G R A4F o AR B
sy A AR A L 20555028 mme & P B A T W 2.77

+141 % v ep B R EZE Wk 8 AR (Yangetal.,2018) -

435 2 R EARE RSB0k
e A AT M s B R 0§ R B4 R

#5 4 B i vf Fad A (Hao eral., 2010a) o 3% Zx 8.4 I of 57 45 6+ i&

69



R~:20x20x 20 mm
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B @ S A0 R 10mm/s s e E £ 2mm > "HEEF A 1.5 mm -~ #1135 0.030 cm’/s o
ﬁ“?l%i,”lwc 14%wh g ? % FL5% 53825 Teme
Figure. 4-17. Different printed layer height of pectin jelly candy (A= 1 mm ~ B=1.5mm » C=2 mm ~ D=2.5 mm) °
Other printed parameters Nozzle movement speed 10 mm/s, Nozzle diameter 2 mm, Extrusion rate 0.030
cm’/s, nozzle height 1.5 mm. each square is 1 cm.
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R<F:20x20x 20 mm

Bl4-18~ 2 gt d A @& B iEL 28 (A=5mm/s »B=10 mm/s » C=15 mm/s ~ D =20 mm/s) °
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SRR e %Wl T FARY e E ST Tom o

Figure. 4-18. Different Nozzle movement speed of pectin jelly candy(A =5 mm/s ~ B=10mm/s ~ C=15mm/s ~ D =
20 mm/s) o

Other printed parameters Nozzle diameter 2 mm, Printed layer height 1.5 mm, Extrusion rate 0.030 cm?/s,
nozzle height 1.5 mm. each square is 1 ecm
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Bl4-19 2 pri g2 2o W E B ikEs - & <58 (A=15mm -B=2mm>C=25mm D=3 mm)
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Figure. 4-19. Different nozzle diameter of pectin jelly candy first layer (A=1.5mm ~B=2mm ~ C=2.5mm ~ D=3 mm) °

Other printed parameters Nozzle movement speed 10 mm/s, Printed layer height 1.5 mm, Extrusion rate
0.030 cm®/s, nozzle height 1.5 mm. each squareis 1 cm
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L”‘?]?si,"]&%n 14%wNehE ® 5 A% M o538 5 Iemo
Figure. 4-20. Different nozzle diameter of pectin jelly candy (A=1.5mm~B=2mm >~ C=2.5mm ~ D=3 mm) °
Other printed parameters Nozzle movement speed 10 mm/s, Printed layer height 1.5 mm, Extrusion rate 0.030
cm’/s, nozzle height 1.5 mm. each square is'1 cm
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Table 4-2. Different nozzle diameter of pectin jelly candy first layer height

Height (mm)

1.5 mm
2 mm
Nozzle diameter
2.5 mm

3 mm

1.21£0.05°
1.53+0.03°
1.54+0.01°

1.59+0.02°

All data is presented by mean + standard deviation ,n =3

Means with different letters within the same column are significantly different ( P < 0.05).
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Table 4-3. Printed layer height , nozzle movement speed , nozzle diameter height of pectin jelly candy

Height (mm) Height change (%)
I mm 21.55+0.74 * 7.75+3.69°
1.5 mm 20.55+£0.28 ° 277+141°
Printed layer height
2 mm 17.78 £ 0.33 ¢ -11.08+1.63°¢
2.5 mm 14.10+0.104 -29.50 £0.50 ¢
5 mm/s 18.71 £0.51°" -6.45+257°
10 mm/s 20.24 £0.26 * 1.20+1.31°
Nozzle movement speed
15 mm/s 19.19£0.75® -4.07£3.67®
20 mm/s 18.73 £0.64° -6.37+£3.20°
1.5 mm 19.03 £ 0.05° -4.85+025°
2 mm 20.32+0.19° 1.60 £0.94°
Nozzle diameter
2.5 mm 20.27+0.35% 1.35+1.74°
3 mm 20.72+0.31% 3.58+1.57°

All data is presented by mean + standard deviation , n =3
Means with different letters within the same column are significantly different ( P < 0.05).
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B 4217 g s jo2 3DA e g (A=15mm - -B=2mm- C=25mm - D=3 mm)
Figure. 4-21. Different nozzle diameters of 3D printing nozzle (A=1.5mm ~B=2mm ~ C=2.5mm ~» D =3 mm)
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Table 4-4. Texture determination of different pectin concentration

Pectin concentration (w/v) Hardness (g) Chewiness (g cm)  Springiness (mm) Cohesiveness
10 % 1133.00+25.15 9 414+1.07° 3.00+0.08 ¢ 0.11+0.02°
12 % 1767.50 = 47.03 © 1244 +£3.05° 3.73+£0.12° 0.19 + 0.04 °¢
14 % 2351.83+31.82° 34.66 £4.74* 444+0.161 0.34+0.05"
16 % 3663.50 £109.25* 28.54 £547+* 3.88+042° 0.20+0.02°

All data is presented by mean =+ standard deviation , n = 3.
Means with different letters within the same column are significantly different ( P < 0.05 ).

80



#4572 B R RRRFEEE KA 7 ER T
Table 4-5. Water activity and moisture content determination of different pectin concentration

Pectin concentration (w/v) Water Activity Moisture content (%)
10 % 0.682 +0.002 " 26.47+0.35"
b b
12 % 0.635+0.012 25.11 £0.83
b b
14 % 0.649 = 0.008 2494 +0.31
c b
16 % 0.606 £ 0.005 24.85+0.52

All data is presented by mean + standard deviation , n = 3.
Means with different letters within the same column are significantly different (P < 0.05 ).
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B 4-22 ~ SR 3P E%B(A=0Day »B=1Day > C=2Day ~D=3Day~ E=4Day -~ F=5Day - G=6Day)
e @ scrf A48 R 10mm/s » F 5 E /2 2mm s 58 A B 1.5 mm ~ #1135 0.030 cm’/s ~ vf 5 B
& 1.5mm - tbﬁlé‘},"’ltﬁ 14%wheg? g L5 5385 1leme
Figure. 4-22. Storage test of pectin jelly candy (A=0Day - B=1Day ~ C=2Day ~D=3Day~E=4Day - F=5Day -G

= 6 Day)
Other printed parameters Nozzle movement speed 10 mm/s, Nozzle diameter 2 mm, Printed layer height 1.5 mm,

Extrusion rate 0.030 cm?/s, nozzle height 1.5 mm. each square is 1 cm.
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Table 4-6. Height change of the storage test of pectin jelly candy

Storage time (Day) Height . (mm) Height change (%)
0 20.53 +£0.10¢ 0.00 +0.00 ©
1 20.36 £0.13 ° -0.85+0.21°¢
2 19.93+0.11° -291+0.20°
14 % (w/v) Pectin jelly candy 3 19.51£0.14° -497+0.28*
4 19.36 £0.04 © -571+£0.63%
5 19.34 +£0.03 ¢ -579+0.60*
6 19.33+0.03 © -586+0.58*

All data is presented by mean + standard deviation , n = 3.
Means with different letters within the same column are significantly different ( P < 0.05).
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Table 4-7. Water active of the storage test of pectin jelly candy

Storage time (Day) Water Activity

0 0.652 £0.007 ®

1 0.636 +0.003 ®

2 0.579 +0.001 ¢

14 % (w/v) Pectin jelly candy 3 0.568 £0.002 ©
4 0.596 + 0.002¢

5 0.593 £0.001°¢

6 0.594 £ 0.002¢

All data is presented by mean + standard deviation , n = 3.
Means with different letters within the same column are significantly different ( P < 0.05).
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