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The study aimed to evaluate the potential of gamma irradiation to
extend the shelf life of 3D-printed vegetable ink, specifically lettuce
ink. In this research, 3D-printed lettuce ink combined with hydrocolloid
was irradiated and assessed for chemical, biological, printing, and
mechanical properties. The results showed that irradiation at a dose of 7
kGy significantly reduced the total number of aerobic microorganisms
in the sample and extended the shelf life of the ink to 14 days without
affecting the soluble solids content, water content, printing ability, or
mechanical stability of the 3D-printed ink. Additionally, the results
demonstrated that irradiation did not significantly affect the
chlorophyll, B-carotene content, or color of the 3D-printed lettuce ink
compared to the control sample (hon-irradiated). This indicates that
irradiation has great potential for preserving 3D-printed vegetable ink,
particularly lettuce ink, and advancing the field of 3D food printing.
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Nghién ctru dugc thuc hién nhim muc tiéu danh gia kha niang ung
dung phuong phéap chiéu xa gamma trong viéc kéo dai thoi gian bao
quan d6i v6i myc in 3D rau ci qua néi chung va rau xa lach néi riéng.
Trong nghién ctru ndy, mau myc in 3D tir rau xa lach két hop voi
hydrocolloid dugc chiéu xa va duoc danh gia vé cac chi tiéu hoa, sinh,
kha nang in va do bén co hoc ctia myc thyuc pham. Két qua nghlen ciru
cho thdy chiéu xa & heu 7 kGy lam giam dang ké tong sb vi sinh vat
hiéu khi c6 trong mau va kéo dai thoi gian sir dung cua mau myc in
dén 14 ngay nhung khong lam anh huong dén ham luong chit ran hoa
tan, ham lugng nuéc cé trong mau, cling nhu khong 1am anh huéng
dén kha nang in va do on dinh vé mit co hoc ciia mau muyc in 3D. Bén
canh d6, két qua cting da ching minh viéc chiéu xa khong gdy anh
huong nhiéu dén ham lugng chlorophyll, p-carotene va mau sac cia
mau muyc in 3D rau xa lach so véi miu d6i ching (mau khong duoc
chiéu xa). TUr d6 cho thay, phuong phap chiéu xa c6 tiém ning tng
dung trong viéc bao quan muc in 3D rau ci qua néi chung va rau xa
lach néi riéng, gitp phét trién linh vyc in 3D thyc pham.
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1. Gioi thigu

Cong nghé in 3D ra doi vao nhitng ndm 1980 va dugc ap dung trong san xut thuc phém tur
nam 2007, m6 ra kha nang tao cac hinh dang phue tap hon so voi phuong phap truyén thong [1],
[2]. Tir d6, nhiéu nghién ctru da duogc thuc hién, tap trung vao viée két hop in 3D véi kiém soat
dinh dudng va ca nhan hoéa san pharn [3]. Cac nha khoa hoc d& nghién ciru viéc s dung
hydrocolloid két hop vdi cac thanh phan thyc pham, tao ra cac nguyén liéu co the in duoc voi ket
cau va huong vi da dang [4]. Cong ngh¢ nay cling dugc ing dung dé san xuat thuc phdam mém
cho nguoi 16n tudi gap van dé vé nudt, dd an nhe cho tré em dap tmg nhu cau dinh dudng cu thé
va chocolate véi hinh dang phirc tap va thim my cao,. .. [3]. Nguyén liéu dugc st dung trong in
3D thyc pham duogc goi 1a muc in, c6 thé duoc 1am tu nhiéu ngudn nguyen liéu khac nhau nhu
ngil cde, chocolate, sita, thit, ca va rau cu qua. Trong d6, rau dugc danh gia 1a mot trong nhiing
vat liéu kho in do d6 nhét thap [5]. Tuy nhién, viéc két hop rau véi cac loai hydrocolloid c6 thé
gitip cai thién tinh 6n dinh va dic tinh luu bién cta san pham [6].

Rau xa lach (Lactuca sativa L.) 1a mdt loai cay than thao thudoc ho Asteraceae, c6 ham lugng
nude cao (~95%), cung cap nhidu chat xo, khoang chat, nhiéu loai vitamin (B9, C) va hop chit sinh
hoc khac [7], [8]. Méac du rau la san pham thiét yéu nhung mot s6 ngudi tidu dung it hoic khong sir
dung nhiéu vi cam thay nhat nh€o, khong ngon miéng. Vi vy, viéc ung dung cong ngh¢ in 3D va
sir dung rau lam nguén nghién liéu 1a mét bién phap gitp thay d6i két cau ctia rau nhung van giit
nguyén ham luong chit dinh dudng (chit xo va vitamin tan trong nudc) co trong timg loai rau. Tuy
nhién, cac loai rau xa lach thuong dugc sir dung tuoi séng, c6 kha nang mang nhiéu miam bénh
nguy hiém nhu vi khudn (Escherichia coli, Bacillus cereus, Salmonella typhi, Listeria
monocytogenes,...) va vi nam (nim men va nim méc) [9], [10]. Pé dwa muc in 3D tir rau xa lach
vao tmg dung thuc t&, mot trong nhing thach thirc 16n nhét 1a tim ra giai phap bao quan hiu qua.

Bio quan thuc pham 13 yéu t6 quan trong dé dam bao an toan va chat luong dinh dudng. Hién
nay, c6 nhiéu phuong phéap bao quan thuc pham nhu hoa hoc, sinh hoc va vét Iy. Phuong phéap hoa
hoc str dung cc chat bao quan nhu acid acetic, acid sorbic, acid benzoic, natri benzoat, natri
propionate,... tuy c6 hi¢u qud cao nhung céc lo ngai vé stre khoe nhu budn nén, tiéu chay, dau dau,
phat ban, nhiéu truong hop c6 kha ning gay ‘ung thu va tén thuong ndo anh hudng dén viéc chon
san phim ctia ngudi tiéu dung [11] - [13]. D4i v6i phuong phap sinh hoc, thuong st dung cac chit
khang khuén tir vi sinh vat nhu Pediocin PA-1 va Nisin, tuy an toan hon cho stic khoe nhung viéc
str dung con phu thudc vao yéu té méi truong, thanh phan hoa hoc va thanh phan chit dinh dudng
ctia thyc phdm néi chung va ctia rau ndi riéng [14]. Phuong phap vét Iy duoc st dung trong bao
quéan rau thuong 13 say kho, siy thang hoa, dong lanh,... Tuy nhién, dudi tac dong ctia nhiét do cao
lam mot s chét bi phan hiy dan dén thay d6i mau sic, mui vi va giam dinh dudng giy giam chat
lwong va mét cam quan san phim nén it duoc st dung [11], [12] Do @6, viéc lya chon phuong
phap bao quan phu hop 1a rat quan trong dé dam bao an toan va chat luong thuc pham.

Hién nay, cong nghé chiéu xa bao quan thuc pham da dugce dé xuat nhu mot giai phap bao
quan trong nganh cong nghlep thuc pham Theo Té chire Luong thyc va Nong nghiép Lién ‘Hop
Quoc T chic Y té Thé gi6i va Co quan Ning luong Nguyén tur Quoc té, viée sir dung chiéu xa
dé khir nhiém thyc pham ¢ lidu thap hon 10 kGy 1a an toan, thyc pham chiéu xa khong co6 mdi
nguy doc hai va chi anh huong nhé dén dinh dudng [15]. Nhiéu nghién ctru di chi ra viéc sir
dung chiéu xa gitp cai thién thoi han sir dung cua rau bémg cach tc ché va vo hiéu hoa cac sinh
vat gdy hu hong, tir d6 cai thién tinh an toan cta thuc pham [16]. Vi vdy, viéc ung dung phuong
phap chiéu xa vao bao quan muyc in 3D rau ct qua la mot huéng di day tiém nang, nham tao ra
san pham thyc pham méi, an toan va giau dinh dudng, dong thoi gop phan phat trién cong nghé
in 3D trong linh vyc thyc phdm. Tuy nhién, hién nay van chua cé nhiéu nghién ctru dé cap dén
huéng tng dung nay.

Do d6, nghién ctru nay dugce thyc hién véi myc tiéu danh gia kha nang img dung phuong phap
chiéu xa trong bao quan muc in 3D rau xa lach. Cy thé, myc in 3D rau xa lach dugc duoc diéu
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ché bang phuong phap phdi tron véi hydrocolloid. Sau dé, myc in 3D dugc chiéu xa bdo quan
bang tia gamma véi lidu chiéu 7 kGy. Cac chi tiéu nhu ham luong nudc, téng chit rin hoa tan,
ham lugng chlorophyll, B-carotene, do bién d6i mau sic va tong sb vi sinh vat hiéu khi duoc phén
tich. Cudi cung, kha nang in va do én dinh co hoc ciia myc in 3D rau xa lach ciing dugc danh gia.

2. Phwong phap nghién ciru
2.1. Ché tgo muc in 3D rau xa lach

Cong thirc muc in duge chudn bi dua theo phuwong phap duge trinh bay trong nghién ctru cua
Pant c6 chinh stra [17]. Rau xa lach dugc thu hoach tai vuodn, sau dé ria sach, dé rao, cit khuc
nho va xay nhuyén. Loc hdn hop qua ray dé tach phan nude. Xac dinh ham lugng nude co trong
mau rau xay. Sau d6, hiéu chinh dé ham lugng nude dat 95% trong mau. Sau khi hiéu chinh,
hydrocolloid dugc thém viao mau rau xay theo ti 1& rau:nudc:hydrocolloid = 90:5:5 (w/w/w).
Hydrocolloid dugc st dung bao gém gelatin va xanthan gum duoc thém vao theo ti 18
gelatin:xanthan gum = 1:1 (w/w).

2.2. Chiéu xa muc in 3D

Can10g méu muyc in 3D cho Vao tui zip. Sau do, cl~1iéu xa gamma dugc thyc hién bang I}guén
chiéu xa Co-60 (BRIT, An D9) ¢ liéu chiéu 7 kGy. Mau d6i chirng 1a mau khong duoc chicu xa.
Céc mau sau chiéu xa s& duoc trit & 4 °C cho céc thi nghiém tiép theo.

2.3. Ddnh gid cdc chi tiéu héa, sinh ciia mdu muc in 3D rau xa ldch
2.3.1. Danh gia ham luwong nudc

Can 10 g mau muyc in 3D (c6 va khong c6 chiéu xa) sy dén khéi lwong khong d6i. Ham
lugng nudce c6 trong mau dugce tinh theo cong thl'Ic (2):
WC (%) = 72 x 100 (1)
my

_Trong do: WC (%) la ham luong nudc; m, la khdi lugng miu sau khi sdy; m; 1a khdi lugng
mau trude khi say.

2.3.2. Xdc dinh tong chdt ran hoa tan

Téng chét ran hoa tan duoc xac dinh theo TCVN 7771:2007. Can 10 g mau muyc in 3D (c6 va
khong c6 chiéu xa) va thém 40 mL nudc cit vao cdc. Khudy nhe va ‘dun si trong 3 phit, dé
ngudi trong 20 phat. Sau do, loc hon hop lay dich loc va xéc dinh chit rin hoa tan bang ‘may khuc
xa ké cam tay. May du(yc hiéu chudn bang nudc cit, sau d6 nho 1-2 giot dich loc 1én bé mat sach
ctia khiic xa. Tong chat rin hoa tan dugc biéu thi bang phan trim trén thang do °Brix.

2.3.3. Ham luong chlorophyll

Ham lugng chlorophyll cia mau muc in 3D duoc thuc hién theo phuong phap cia Pérez-
Patricio [18]. Can 0, 5 g mau cho vao cbi sir, thém vao 6 mL hdn hop dung dich acetone-ethanol
(2:1, v/v), nghién mau trong diéu kién han ché anh sang. Sau khi u mau trong 30 phit & 4 °C,
thém 5 mL dung moéi chiét va vortex trong 1 phat. Loc ldy dich trong dé do do hap thu & budc
song 663 nm va 645 nm bang thiét bi do quang phd UVmini-1240 (Shimadzu, Nhat Ban). Ham
lwong chlorophyll tong duoc do theo cong thirc (2):

Chlorophyll tdng = (8,2 X Aggs) + (20,2 X Agys) (2)

Trong d6: A663 va A645 lan lugt 1a gia tri hap thu do dugc & budce séng 663 nm va 645 nm.

2.3.4. Bién doi mau sac

Can 0,5 ¢g mau muyec in 3D (c6 va khong ¢6 chiéu  xa) 1én lam kinh, ddy lamen Ién. Su bién d6i
mau sic ciia miu myc in 3D s& dugce do bang méy sic ké CR-400 (Konica Minolta, Nhat Ban).
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2.3.5. Po ham luwong f-carotene

Ham luong B-carotene cuia mau muc in 3D dugc thuc hién theo phuwong phép cua Hagos co
chinh stra [19]. Ngam 0,5 g mau trong 10 mL acetone ¢ nhiét do phong trong diéu kién han ché
anh sang. Hon hop dugc khudy trong 30 phut. Sau d6 ly tdm tach ldy dich, lap lai thao tac cho
dén khi mau mét hét mau xanh. Dinh muc dich chiét ¢én 30 mL bang dung méi chiét. Ham luong
B-carotene dugc xac dinh béng cach do do hép thu & bude song 453 nm bﬁng thiét bi do quang
phd UVmini-1240 (Shimadzu, Nhat Ban).

2.3.6. Xac dinh téng vi sinh vt hiéu khi

Téng vi sinh vat hiéu khi trong mau muc in 3D (c6 va khong c6 chiéu xa) dugc xac dinh sau
cac moc thoi gian bao quan 0 ngay, 7 ngay va 14 ngay theo TCVN 4884-1:2005. Cu thé, 1 g mau
muc in 3D duoc tron voi 9 mL nude cét. Sau d6, 0,5 mL miu & cac ndng do pha loang khac nhau
(101,102, 103, 10, 10°°) duoc trai trén dia méi truong potato dextrose agar (PDA), mdi ndng do
2 dia. Céc dia PDA duqc 1 & 30 °C d& theo ddi. S6 lwong vi sinh vat hiéu khi dugc biéu thi bang
log CFU/g. Thi nghiém duoc tién hanh 3 1an doc lap. Tong sd vi sinh vat hiéu khi duoc do theo
cong thirc (3):

N= — 2¢ 3)

V X(n;+0,1xn,)xd
Trong d6: X.C la téng s6 khuan lac dém duogc tir hai ndng do pha loang lién tiép; V 1a thé tich
dich ciy trén mdi dia, tinh bang mL; d 12 hé sé pha lodng tng v6i do pha lodng thtr nhat; ny sb
dia & ndng d6 pha loang thtr nhat; n, s6 dia & ndng d6 pha loang thit hai.

2.4. Ddnh gid khd ndng in va dp bén co hoc ciia muee thwe phim

Mau duge in 3D bang thiét bj in A YL-CUBE 3D (YOLILO, Han Quéc). Cu thé, 12 mL miu
(c6 va khong co chiéu xa) dugc nap vao 6ng tiém va in dya theo thong s6 may va hinh in c6 san.
Céc san pham in 3D c¢6 d9 cao 1,5 cm dugc dat trén cac dia petrl Do bén co hoc ciia mau muc in
3D duoc danh gia dua vao goc nghiéng ctia mau in sau thoi gian luu 2 gio.

2.5. Phwong phdp xir Iy so ligu

S6 liéu dugc tinh toan bang phan mém Microsoft Excel. Cac két qua vé sb lidéu dugc trinh bay
dudi dang gia tri trung binh + d6 1éch chuan. Panh gia d¢ tin cay thong qua phén tich thong ké
bang phan mém IBM SPSS Statistics 27, kiém dinh sy khac biét trung binh hai ddi tuong (Kiém
dinh Independent sample T-Test), p < 0,05 thé hién sy khac biét c6 y nghia thong ké.

3. Két qua va ban luan
3.1. Anh hwéng ciia chiéu xg dén tinh chdt hoa, sinh ciia médu meec in 3D rau xa lach

Muc in 3D rau xa lach duoc tron voi hydrocolloid da dugc chudn bi trudc khi chiéu xa (Hinh
1). Mau sau chiéu xa dugc dénh gia vé cAc chi tiéu nhu ham lugng chlorophyll, -carotene, ham
lwong nudc, tong chit ran hoa tan, d6 bién déi mau sic va tong sé vi sinh vat hiéu khi.

Chlorophyll 1a mét hop chét ¢ hoat tinh sinh hoc dugc danh gia cao trong thuc pham, c6 gia
tri dinh dudng va cac dic tinh hoat tinh sinh hoc [20]. Két qua ¢ bang 1 cho thay, ham luong
chlorophyll trong mau muc in 3D rau xa lach sau khi xtr Iy chiéu xa 7 kGy chi giam 5,53% (con
94,47%) so véi két qua cia mau khong xu 1y chiéu xa. Trong cdu tric caa chlorophyll c6 mot
vong tetrapyrrole dugc tao thanh tir bon vong pyrrole dwgc ndi véi nhau bang cau methine, cac
nguyén tir nito trong mach lién két vai nguyén tir kim loai trung tam, cac goc oxy hoa tao ra trong
qua trinh chiéu xa tac dong 1am ma vong chlorophyll gay phan hay diép luc [21].
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Bén canh d6, B-carotene 1a mot tién chat carotenoid quan trong cua
vitamin A trong co thé con nguoi va la mot chat chdng oxy héa co trong
nhiéu ngudn thuc pham. Trong nghién ctru nay, sau khi xir ly véi ligu 7
kGy, lugng B-carotene c6 trong mau giam con 87,09%. Diéu nay la do khi
chiéu xa, B-carotene c6 thé bat cac goc tu do sinh ra trong qué trinh chiéu
xa, ddng thoi, cau trdc cua B-carotene ciing bi phé huy nén dan dén giam
ham luong cua ching [22].

Mit khac, két qua tir bang 1 cling chi ra rang, ham lugng nudce cua
mau muc in 3D khong xr 1y voi chiéu xa va duoc xir Iy chiéu Xa 7 kGy
déu nam trong khoang 91%, ham luong chét ran hoa tan déu nam trong
khoang 2,5% va khong c6 su khéc biét & mirc ¥ nghia théng ké. Két qua
nay ciing tuong dong véi két qua nghién ciru trude day cua Khalili va
cong su khi ham luong chét ran hoa tan cia mau chiéu xa khong ¢6 sy = 55\ 5
khac biét so véi mau doi chiing [23]. rau xa lach

Bang 1. Anh huong cua liéu chiéu dén tinh chat ly héa ciia mau muc in 3D rau xa lach (n=3)

CQ:’U Chlorophyll  p-carotene  Ham lwong H;g th:gr?g Mau sac
3 (o) [0) 5C (9

kGy) P (%) nudc (%) poatan @) L a* b*
0 100 100 9163+021 25+01 67,71+343 -7,15+0,58 30,40+ 3,83
7 9447+208 87,09+294 9152+027 25+0,1 69,73+427 -637+0,74 26,13+4,78
p 0,01 0,002 0,313 1,00 0,791 0,688 0,673

‘Gia trj L* biéu hién cho dg sang véi do dao dong tir 0 (den) d@én 100 (trang). Gia tri a* va b* lan heot
bieu hién tuong iing cho dg dao dong tir -a (mau xanh la cdy) den +a (mau do) va tir -b (mau xanh duong)
den +b (mau vang). ) ) )

Kiém dinh sy khac bi¢t trung binh hai doi twong (Kiem dinh Independent sample T-Test), p < 0,05 the
hién sy khac biét co y nghia thong ke.

Ngoai ra, mau sac cua mau muc in 3D ¢6 sy thay dol sau khi duogc chiéu Xa. Vé d6 sang (L),
thdng sb di tir 0 dén 100 trong d6 0 la den va 100 1a trang. Két qua ddi voi mau khdng xt ly chiéu
Xa c0 gi& tri L* 12 67,71 thap hon so v6i mau chiéu xa 7 kGy 14 69,73 (bang 1) chiing to chiéu xa
lam ting d6 sang cua mau myc in 3D. V& gia tri a*, c6 do dao dong tir -a 1a mau xanh luc dén +a
la mau do, va gia tri b*, c6 do dao dong tir -b mau xanh duong dén +b mau vang. Nhu thé hién ¢
bang 1, gia tri a* cua mau sau khi chiéu xa 7 kGy giam 0,78 (tir -7,15 xuéng con -6,37) so Vi
mau khéng xir Iy chiéu xa, biéu thi su giam nhe mau xanh 14 cdy; dong thoi, gia tri b* caa mau
dugc xir 1y chiéu xa thap hon 4,27 (tir 30,40 xudng con 26,13) so véi mau khong xu 1y, tuong
g véi viéc mau giam nhe mau vang. Nhiing két qua nay phu hop véi két qua nghién ctru trudc
day khi da d& cap dén viéc chiéu xa 1am thay d6i mau sic cua thuc vat va sy thay dbi nay nhleu
hay it 1a ty thudc vao lidu chiéu [24]. Tuy nhién, trong nghién cau nay, chiéu xa gamma mau
muc in 3D rau xa lach ¢ liéu chiéu 7 kGy c6 lam thay doi nhe mau sic nhung khéng anh hudng
nhiéu dén cam quan khi mau muc in 3D sau chiéu xa van giir duoc mau xanh dic trung cua rau
s0 véi mau ddi ching (khdng xt 1y chiéu xa).

Két qua tong luong vi sinh vat hiéu khi cua cac mau muc in 3D rau xa lach di chiéu xa va
khong chiéu xa duoc trinh bay trong Hinh 2 va Bang 2. Cu thé, tong s6 vi khuan hiéu khi trong
CaC Mau myc in 3D rau xa lach truéc chiéu xa ban dau 1a 9,53 + 1,25 log CFU/g (tuong tng Véi
30 vi sinh vat ¢ mau doi ching khong chiéu xa trong bang 2). Sau khi xir Iy véi liéu chiéu 7 kGy,
t6ng s6 vi sinh vat giam xudng chi con 2,01 + 0,26 log CFU/g.
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Hinh 2. Sw thay déi ciia mdt dé vi khudn trén dia thach PDA: ( A) 0 kGy. (B) 7 kGy
Bang 2. Tong sé vi sinh vt hiéu khi cia myec in 3D rau xa lach trong thei gian bao (n=3)

Tong s6 vi sinh vat hiéu khi (log CFU/g) p
Ngay 0 kGy 7 kGy
0 9,63+1,25 2,01+0,26 0,070
7 10,22 + 0,76 2,34+£0,16 0,002
14 11,41 +£0,13 2,68 +0,18 0,001

Kiém dinh sy khac biét trung binh hai doi twong (Kiém dinh Independent sample T-Test), p < 0,05 thé
hién sy khac biét co y nghia thong ke.

So véi gisi han chap nhan duoc cua vi sinh vat tai Singapore dit ra trong céc loai thuc pham
an lién khdng qua 5,0 log CFU/g, mau myc in 3D rau xa lach ban dau di vuot miic an toan so Véi
gidi han cho phép [25]. Trong qua trinh bao quan, sau 14 ngay luong vi sinh vt hiéu khi trong
mau khdng chiéu xa tang nhanh lén 11,41 + 0,13 log CFU/g. Trong khi d6, lwong vi sinh trong
méu duoc xur ly véi lidu 7 kGy sau 14 ngay bao quan chi ting I&n 2,68 + 0,18 log CFU/g va van
nam trong pham vi cho phép. Piéu nay la do chiéu xa gamma gay ra sy phéa v thanh té bao va
can tré sy hinh thanh bao tir & vi khuan va ndm gay hu hong thuc pham, tir do gitp cai thién thoi
gian bao quan [26].

3.2. Ddnh gid khd nang in ciia muc in 3D thwe phim

Ep dun la phuong phap phu hop dé in cac vat liéu thuc pham c6 d6 nhét cao va do bén co hoc
cao, do d6 c6 thé sir dung deé che tao cac cau trac 3D phuc tap v6i do phan gidi cao so voi phuong
phap tao hinh thyc pham truyen thong [27]. M6 hinh dugc in tir myc in 3D rau xa lach bing
phuong phép ép dun dugc thé hién trong Hinh 3. Quan st thiy ca 2 mé hinh dugc in tir myc in
3D khong dugc chiéu xa va myc in 3D duge xir 1y chiéu xa 7 kGy déu c6 do nét 1o rang. Didu
nay cho thay viéc xtr Iy voi chiéu xa khong anh hudng dén kha ning in ctia myc in khi van dam
bao d6 chay va do linh dong ctia mau.

A

Hinh 3. M6 hinh dwoc in tir muc in 3D rau xa lach: (A) 0 kGy (khéng dwgc xir Iy voi bire xa), (B) 7 kGy
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Bén canh d6, két qua ¢ Hinh 3 va Hinh 4 ciing d4 cho thay viéc chiéu xa khong lam giam do
bén co hoc ciia myc in 3D rau xa lach. Cuy thé, mé hinh dugc in bang myc in 3D chiéu xa khong
thay hi¢n tuong bi v&, xep, nut bé mit trong qua trinh in nhiéu 16p (7 16p) va dat dugc hinh dang
thiét ké ban dau (Hinh 3B). Bén canh do, chiéu cao ctia md hinh in ra tir 2 mau myc in c6 va
khong c6 xir 1y chiéu xa ciing gan nhu tuong duwong nhau (1,47 cm so véi 1,45 cm).

A
e -

0 phit 10 phit 20 phat
250
e - : —
30 phit 60 phit 90 phit
B
- 70° — e
T e e S
0 phit 10 phit = ’u phit
30 phuat 60 ph\'n \ 90 phu

Hinh 4. Anh hwéng ciia chiéu xa dén @ on dinh ciia mau myec in theo thoi gian: (4) 0 kGy, (B) 7 kGy

Hon nita, 2 gio sau khi in, m6 hinh dugc in tr myc in 3D rau xa lach khong dugc xur ly chiéu
xa va dugc xir Iy véi lidu 7 kGy déu giit duge d6 on dinh, khong bi nghiéng hay xep, v6i mau
khong chiéu xa thi do nghiéng ban dau va sau 2 gid déu & 75°, con dbi voi mau duge xir 1y chiéu
xa thi d6 nghiéng ban du va sau 2 gio déu ¢ 70° (Hinh 4). Cac két qua trén cho thay, chiéu xa
khong anh hudng dén kha ning in va khong lam giam d6 6n dinh co hoc cia mau muyc in 3D rau
xa lach.

4. Két luan

Viée xtr Iy chiéu xa gamma & licu 7 kGy d6i véi mau muc in 3D rau xa lach gitip kiém soat
dugc téng s6 vi sinh vat hiéu khi va kéo dai thoi gian bao quan nhung khong anh hudng nhiéu
dén cac tinh chét hoa, sinh cia miu muc in 3D. Déng thoi, d6 bén co hoc va do én dinh ciia mau
van duoc dam bao. Vi vy, viée sir dung phuong phap chiéu xa 1a diéu can thiét va c6 nhiéu uu
diém trong viéc dam bao an toan va duy tri ham luong dinh dudng cua thuc pham.

TAI LIEU THAM KHAO/ REFERENCES

[1] S. C. Ligon, R. Liska, J. Stampfl, M. Gurr, and R. Miilhaupt, “Polymers for 3D printing and customized
additive manufacturing,” Chemical Reviews, vol. 117, no. 15, pp. 10212-10290, 2017.

[2] D. Periard, N. Schaal, M. Schaal, E. Malone, and H. Lipson, “Printing food,” in Proceedings of the 18th
Solid Freeform Fabrication Symposium, Austin, TX, USA, 2007, pp. 564-574.

[3] T. Pereira, S. Barroso, and M. M. Gil, “Food texture design by 3D printing: A review,” Foods, vol. 10,
no. 2, p. 320, 2021.

[41H. W. Kim, J. H. Lee, S. M. Park, M. H. Lee, et al., “Effect of hydrocolloids on rheological properties
and printability of vegetable inks for 3D food printing,” Journal of Food Science, vol. 83, no. 12, pp.
2923-2932, 2018.

[5]1S. L. Voon, J. An, G. Wong, Y. Zhang, and C. K. Chua, “3D food printing: A categorised review of
inks and their development,” Virtual and Physical Prototyping, vol. 14, no. 3, pp. 203-218, 2019.

[6] I. TomasSevi¢, P. Putnik, F. Valjak, B. Pavli¢, et al., “3D printing as novel tool for fruit-based functional
food production,” Current Opinion in Food Science, vol. 41, pp. 138-145, 2021.

http://jst.tnu.edu.vn 255 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU JOURNAL OF SCIENCE AND TECHNOLOGY 226(XX): XX - XX

[7] E. M. Brouwer-Brolsma, B. Brandl, M. E. Buso, T. Skurk, and C. Manach, “Food intake biomarkers for
green leafy vegetables, bulb vegetables, and stem vegetables: a review,” Genes & Nutrition, vol. 15, no.
1, pp. 1-12, 2020.

[8] M. J. Kim, Y. Moon, J. C. Tou, B. Mou, and N. L. Waterland, “Nutritional value, bioactive compounds
and health benefits of lettuce (Lactuca sativa L.),” Journal of Food Composition and Analysis, vol. 49,
pp. 19-34, 2016.

[9] S. A. Mir, M. A. Shah, M. M. Mir, B. N. Dar, et al., “Microbiological contamination of ready-to-eat
vegetable salads in developing countries and potential solutions in the supply chain to control microbial
pathogens,” Food Control, vol. 85, pp. 235-244, 2018.

[10] C. K. Carstens, J. K. Salazar, and C. Darkoh, “Multistate outbreaks of foodborne illness in the United
States associated with fresh produce from 2010 to 2017,” Frontiers in Microbiology, vol. 10, p. 2667,
2019.

[11] M. S. Rahman, “Food preservation: an overview,” in Handbook of Food Preservation, CRC Press,
2020, pp. 7-18.

[12] S. K. Amit, M. M. Uddin, R. Rahman, S. R. Islam, and M. S. Khan, “A review on mechanisms and
commercial aspects of food preservation and processing,” Agriculture & Food Security, vol. 6, pp. 1-
22, 2017.

[13] S. Sharma, “Food preservatives and their harmful effects,” International Journal of Scientific and
Research Publications, vol. 5, no. 4, pp. 1-2, 2015.

[14] V. P. Singh, “Recent approaches in food bio-preservation-a review,” Open Veterinary Journal, vol. 8,
no. 1, pp. 104-111, 2018.

[15] H. M. Lung, Y. C. Cheng, Y. H. Chang, H. W. Huang, et al., “Microbial decontamination of food by
electron beam irradiation,” Trends in Food Science & Technology, vol. 44, no. 1, pp. 66-78, 2015.

[16] T. Prokopov and S. Tanchev, “Methods of food preservation,” in Food Safety: A Practical and Case
Study Approach, vol. 1, pp. 3-25, 2007.

[17] A. Pant, A. Y. Lee, R. Karyappa, C. P. Lee, et al., “3D food printing of fresh vegetables using food
hydrocolloids for dysphagic patients,” Food Hydrocolloids, vol. 114, p. 106546, 2021.

[18] M. Pérez-Patricio, J. L. Camas-Anzueto, A. Sanchez-Alegria, A. Aguilar-Gonzalez, et al., “Optical
method for estimating the chlorophyll contents in plant leaves,” Sensors (Basel, Switzerland), vol. 18,
no. 2, p. 650, 2018.

[19] M. Hagos, M. Redi-Abshiro, B. S. Chandravanshi, and E. E. Yaya, “Development of analytical
methods for determination of B-carotene in pumpkin (Cucurbita maxima) flesh, peel, and seed powder
samples,” International Journal of Analytical Chemistry, vol. 2022, p. 9363692, 2022.

[20] 1. Viera, M. Herrera, and M. Roca, “Influence of food composition on chlorophyll bioaccessibility,”
Food Chemistry, vol. 386, p. 132805, 2022.

[21] S. Pareek, N. A. Sagar, S. Sharma, V. Kumar, et al., “Chlorophylls: Chemistry and biological
functions,” in Fruit and Vegetable Phytochemicals: Chemistry and Human Health, E. M. Yahia,
Ed., 2nd ed. John Wiley & Sons, 2017, pp. 269-284.

[22] L. Calucci, C. Pinzino, M. Zandomeneghi, A. Capocchi, et al., “Effects of y-irradiation on the free
radical and antioxidant contents in nine aromatic herbs and spices,” Journal of Agricultural and Food
Chemistry, vol. 51, no. 4, pp. 927-934, 2003.

[23] R. Khalili, N. Ayoobian, M. Jafarpour, and B. Shirani, “The effect of gamma irradiation on the
properties of cucumber,” Journal of Food Science and Technology, vol. 54, no. 13, pp. 4277-4283, 2017.

[24] B. Mabherani, M. Harich, S. Salmieri, and M. Lacroix, “Antibacterial properties of combined non-
thermal treatments based on bioactive edible coating, ozonation, and gamma irradiation on ready-to-eat
frozen green peppers: evaluation of their freshness and sensory qualities,” European Food Research
and Technology, vol. 245, pp. 1095-1111, 2019.

[25] J. Seow, R. Agoston, L.Phua, and H. G. Yuk, “Microbiological quality of fresh vegetables and fruits
sold in Singapore,” Food Control, vol. 25, no. 1, pp. 39-44, 2012.

[26] M. Kumar, S. Ahuja, A. Dahuja, R. Kumar, and B. Singh, “Gamma radiation protects fruit quality in
tomato by inhibiting the production of reactive oxygen species (ROS) and ethylene,” Journal of
Radioanalytical and Nuclear Chemistry, vol. 301, pp. 871-880, 2014.

[27] Z. Liu, M. Zhang, B. Bhandari, and C. Yang, “Impact of rheological properties of mashed potatoes on
3D printing,” Journal of Food Engineering, vol. 220, pp. 76-82, 2018.

http://jst.tnu.edu.vn 256 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

