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Abstract: 3Dprinter,theometer,and scanning electron microscope (SEM) were used to investigate the effects of different ratios of
ingredients on the rheological properties and printing performance of composite lychee ink, which was made of dried lychees, food
hydrocolloids (x-carrageenan and xanthan gum), beeswax, and pitaya peel, and to study its microstructure. With the addition of x-carrageenan
and xanthan gum in the ratio of 1:1, 8.0 g of beeswax, and 2.0 g of pitaya peel powder, the stabilization time, yield stress, K value, and n value of
the composite lychee ink were 143.5 s, 187.55 Pa, 1.72x10°Pa-s", and 0.22, respectively. This ink formulation exhibited good shearthinning
properties, high thermal reversibility, and good mechanical properties. The printed products consisting of fine lines were formed with high
precision and could be stacked up to 60 layers. The microstructure of the ink was a network made of a skeleton of x-carrageenan, onto which
xanthan gum, lychee pulp, and pectin were attached. Beeswax was attached to the surface of the skeletonin the form of particles (diameter of 10
um). During the printing process, beeswax and food hydrocolloids influenced the printability of the composite lychee ink.
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eI
AR K
ok AAok

& 6 NEIAERERMERTHTENZIREIR

Fig.6 The effect of different amount of Hylocereus undatus

powder on Printing

E: L, B odg 11, &r12g 1L &E#20g IV,
Bar28g V., E#36g.

B 6 AANIE] K IR BB RN T 4T B H SR — 4
TR =ZER KT . KRB PR T A A KRR IR
LISh, IEAFERIRREER, CHRREAR, A8
TR R, VRTINS R A —
PER . —4EES, 1AL LR SR anRE ek
Bpsigt], sk tuicins, IVl 7 IRILAR,,
VIR - 226 ANREAERRIFTED, T BORAH G BT

208

YEEIE A, TRV R EH L T R BEST BN A I
G Z4EEEH, NI 7 ERRiEnsy, Vi
fmTﬂ%ﬁE% B LR, AR R R R 5
bf, JEEATHD 16 2 RFFNESE, HARAL.
PRI ISR Bk IS I e 3 2.0 g

2.5 S B ARHT A RIS HE 2

L|45
» T=143.5s 1. e
% s
<
& 12000 - . s e |10
Y )
* . fé': =
= . i 35
® » . ]
<o Pl \‘\.
m 9000 F o {30
fﬂ. \.‘."1 o000 0 0 -0 0@ 25
0 50 100 150 200 250 300 350
B 1E] /s

7 MEEid iR expIE ik
Fig.7 Changes in G * During Cooling

[E 8 FHINEE S B MBMRINITEN=RE
Fig.8 Composite lychee ink print product diagram
FERRSL T e sE AP RHECT ARt b (R
RS 101, MRSV INE: 8.0 g, KRB
I 2.0 @), B 3D ATENSRE T, Jh =PRI AT

TEEE (45 °C) FIEIE (25 C) KRR, JEEEX
MR REESN J15 1A o i SR RHEST B A
(45 °C) I THCE 50, BOUmIMEERE, SRIGHE
2 SR SRR AT N . EABE (G*)
FRAL T — AN A RPEAR BT IR ). SRR
1045 C&MFTHE 50 s Ja, BEEIREMEL, Gk
AT BB, UM T —E AR
M A 2K, 18 3D $TEpId e, HEM
TS BT L I (1 7o SR AR B e 1 b LA B P AR 25

M 7 sy UEtH/Eh%ﬁﬂh/m}%a’ﬁ[ﬁﬂﬁiﬁ@]ﬁﬁ
5 (IR R], 1 S 0 Ay S RHE 2= T G BTl
LR E R 212, WA DIZM STl s, M FRIT
SR BIAZIC AT L o S8 A RS AL (] (T



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.8

T IS TR] (R AR5 H A 22 AN 24 T B i R it
e L, AR T OOK, WIS SR RN [A] Y
TEEIRB RSN IIRGREE, IR AT EN 22 I3
SRS R AR . [RISE, TERERIFTENSR
T, TH1435s.

SR A 2R A 25 i SR AR ERAT BN B A =
e i, WIEISHTN, FTENSIRARR, nT DURINFT B
PR S) . R KSR R . FEFT B M
SEARGER R A, RS SRR BRI EIE G, OREE
EURIAR IR E, TOHHRI R I, HUSREE . T
EIRA BRI Z R A RI60Z, JLHEMR FESFie
T, ARINSCEE, WEFERMHEEN21.79 mm, T
K EN16.96 mm, FERIISCHERIZAE T, 725k
AR IEMURHA BE L) 520 B i, Ui A AL S
BER AR U M LR BRI AT, FTEDRIP= i AL
R VERELT o

26 AR S ARS8 R

=% 3 &
T - &

9

B9 #iEEAEUhEM IR RE

Fig.9 SEM image of compound Litchi Ink

E: (a: 1004%; b: 400 1% ).

Kl 9 NE SRS RHE R B RIS, a IR
K 100 BT R AR R, AR ] R s
PRL A SR 230, LR BN —, AL
BN, KEBAIE 100 um LLR, {H2REAKIEH
A A RURYIFAAE, B3 ZAKMEM S22
o BIEHEPORE 400 5 (b), FTLLEEIESE L
IR — & B BRIRBTRL, ROk [AIZ7E 10 pm 7245,
FEX ECALT Al A BRI ZOIR S8 T B - R, AE
N T KBERAEARHR T B, 2 S A R
HRVEBSCERE, T s SR M7 BCER A A A
PSR E R BRI 2E 2 b, BRI S R
FHEAE FDO BRI M 2 SR WA IR, TR & Y

B TR B R IR, 7E1IRT 60 CHY
T, EIECIESAEE, HABTIK, Rt
IRMEEERIRIE A2 EP) 7E 3D 4TENIS R rh, BH
HEin R T, IERERERLL S, 2ol SR AR
AR A R o

3 it

ARG LIFBT FR G- RHLEAN B EIED
WS KRR BONIRRE, %8G 3D ITEINE &1
HSEAPEL DERA RRW LR RIR Ge R R
FEANAD) AU TR A R S Mg (1 A
5 3 BRI 46 (1 ih SR A4 R R A B 1 B DI R
e FAFTPERINUERE . FESTED—4E, 4k, =4k
PERRIN, ATENILZEI 5] KR PR —, TED
SOTARI P, REACRBURMAEZ108 520 &,
FREVELF . HAMEER EIMEZOREE R, LOKEBYR A
I - PR T A B 2L, SRR AN AL
VIR BRI E O LR R i &, IS AE R
LURPRLAR BB FE R, FE4T BN R rh 5 IR AL R 1
TahSEARE, e i FL Ik B ) A AT I AT LA BE

[1] Lanaro M, Forrestal D P, Scheurer S, et al. 3D printing
complex chocolate objects: Platform design, optimization and
evaluation [J]. Journal of Food Engineering, 2017, 215: 13-22

[2] Godoi F C, Prakash S, Bhandari B R. 3D printing
technologies applied for food design: status and prospects [J].
Journal of Food Engineering, 2016, 179: 44-54

[3] Mantihal S, Prakash S, Godoi F C, et al. Optimization of
chocolate 3D printing by correlating thermal and flow
properties with 3D structure modeling [J]. Innovative Food
Science & Emerging Technologies, 2017, 44: 21-29

[4] Vancauwenberghe V, Delele M A, Vanbiervliet J, et al.
Model-based design and validation of food texture of 3D
printed pectin-based food simulants [J]. Journal of Food
Engineering, 2018, 231: 72-82

[5] Liu Z, Bhandari B, Prakash S, et al. Linking rheology and
printability of a multicomponent gel system of
carrageenan-xanthan-starch in extrusion based additive
manufacturing [J]. Food Hydrocolloids, 2019, 87: 413-424

[6]  WRITM,RK R 5 A g [, 55 B b R RERIFE 70 4E-7 KL
[T]. 50 2440,2019,36(10):1399-1413
CHEN Hou-bin, OU Liang-xi, LI Jian-guo, et al. 70 years of
scientific research on fruit trees in New China [J]. Journal of

Fruit Trees, 2019, 3610: 1399-1413

209



MK EmBHL

Modern Food Science and Technology

2020, Vol.36, No.8

(7]

[10]

(11]

[12]

[13]

[14]

[16]

210

Zhou M, Ndeurumio K H, Zhao L, et al. Impact of precooling
and controlled-atmosphere storage on y-aminobutyric acid
(GABA) accumulation in longan (Dimocarpus longan Lour.)
fruit [J]. Journal of Agricultural and Food Chemistry, 2016,
64(33): 6443-6450

Kessy H N, Wang K, Zhao L, et al. Enrichment and
biotransformation of phenolic compounds from litchi
pericarps with angiotensin I-converting enzyme (ACE)
inhibition activity [J]. LWT-Food Science and Technology,
2018, 87:301-309

Yang F, Zhang M, Bhandari B, et al. Investigation on lemon
juice gel as food material for 3D printing and optimization of
printing parameters [J]. LWT-Food Science and Technology,
2018, 87: 67-76

Liu Z, Bhandari B, Prakash S, et al. Creation of internal
structure of mashed potato construct by 3D printing and its
textural properties [J]. Food Research International, 2018,
111: 534-543

17, EIL IR RGOS RE T re--R AR T 9
AR A5 B OV 2 40 RS2 M 0] AR B A 52,2017,
33(11):31-37

WANG Ting, WANG Kai, HU Zhuo-yan, et al. Influence of
rheological properties and microstructure of fascioprotein on
the opposite side of x-carrageenan during freeze-thaw storage
[J]. Modern Food Science and Technology, 2017, 33(11):
31-37

Li J, Yang Y, Su Y, et al. Phase separation in ternary
composite cold-set gel of egg yolk/x-carrageenan/xanthan:
Study on rheological and proton mobility properties [J].
LWT-Food Science and Technology, 2019, 116: 108497

Liu Z, Zhang M, Bhandari B, et al. 3D printing: printing
precision and application in food sector [J]. Trends in Food
Science & Technology, 2017, 69: 83-94

Dankar I, Haddarah A, Omar F E, et al. 3D printing
technology: the new era for food -customization and
elaboration [J]. Trends in Food Science & Technology, 2018,
75:231-242

Pérez B, Nykvist H, Brogger A F, et al. Impact of
macronutrients printability and 3D-printer parameters on
3D-food printing: a review [J]. Food Chemistry, 2019, 287:
249-257

Russ N, Zielbauer B 1, Ghebremedhin M, et al

[17]

[19]

[21]

[22]

[23]

[24]

[25]

Pre-gelatinized tapioca starch and its mixtures with xanthan
gum and i-carrageenan [J]. Food Hydrocolloids, 2016, 56:
180-188

Wilson S A, Cross L M, Peak C W, et al. Shear-thinning and
thermo-reversible nanoengineered inks for 3D bioprinting [J].
ACS Applied Materials & Interfaces, 2017, 9(50): 43449-
43458

Paxton N, Smolan W, Bock T, et al. Proposal to assess
printability of bioinks for extrusion-based bioprinting and
evaluation of rheological properties governing bioprintability
[J]. Biofabrication, 2017, 9(4): 044107

Sweeney M, Campbell L L, Hanson J, et al. Characterizing
the feasibility of processing wet granular materials to
improve rheology for 3D printing [J]. Journal of Materials
Science, 2017, 52(22): 13040-13053

Yang Z, Yang H, Yang H. Effects of sucrose addition on the
rheology and microstructure of x-carrageenan gel [J]. Food
Hydrocolloids, 2018, 75: 164-173

TR, F SR U, A5 R e o) o SROA o e R FR
FE[I]. A I, 2019,44(2):123-126

ZHANG Lin, XIAO Jian-hui, TU Jin, et al. Preparation of
rapeseed oil-based gel oil with beeswax [J]. China Oils and
Fats, 2019, 4402: 123-126

/NG o 2R S, S5 R RS R Tl 1 % 45
TEASHISAMALT]. R 2£41,2013,28(10):37-43

ZHU Xiao-yong, MENG Zong, LI Jin-wei, et al. Effect of
GEL agent types on physical properties and crystalline
morphology of gel oil [J]. Chinese Journal of Grain and Oil,
2013, 2810: 37-43

TG E, DAl [, 2GR AT AR 0 2 R Fe e P 52
M [T]. & i RHE,2019,40(12):70-77

LIU Yi-zhen, MA Chuan-guo, LI Jie-yu. Effect of different
gelators on the stability of sesame paste [J]. Food Science,
2019, 4012: 70-77

R, IS 36 P, VA Wt RIS 3 e (] DA & i,
2019,24:17-20

LIU Ying, QIU Yi-fan, XU Xi-xian. Progress in research and
application of pectin [J]. Modern Food, 2019, 24: 17-20

Jana S, Martini S. Physical characterization of crystalline
networks formed by binary blends of waxes in soybean oil [J].

Food Research International, 2016, 89: 245-253



