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Development of gas diffusion area control device for modified
atmosphere package with Arduino and 3D printer
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Abstract Modified atmosphere packaging (MAP) is an economical method to extend the shelf life of
agricultural products by slowing the respiration rate and inhibiting mold growth. This paper introduces
a gas control device for MAP by changing the diffusion area and its effects. The oxygen permeability
of three MAPs with a different number of diffusion holes was analyzed at four different storage
temperatures, 5, 10, 15, and 20°C. The oxygen permeability was affected more by the diffusion area
(number of diffusion holes) than the storage temperature. The gas diffusion area control device was
manufactured using Arduino, a step motor, a carbon dioxide sensor, and a case and moving parts made
using a 3D printer. The diffusion area was controlled by covering several micro-perforations with a
moving screen. The gas composition of 60 kg MAP of a kind of citrus fruit (Dekopon) was effectively
maintained in the perforation size of 0.1 mm? rather than 0.4 mm?® To use a large gas diffusion area,
which is the sum of the perforation areas, for various MAP, the sensor position needed to be changed
from the air diffusion pathway to a separate position. The diffusion area control method might be
suitable for the wireless gas composition device considering the energy efficiency of the diffusion area
control method compared to the open/close method.

Keywords : 3D Printer, Arduino, Carbon Dioxide Sensor, Gas Diffusion Area Control, Modified
Atmosphere Package, Shelf Life
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2.1 387 37|10 M2 7|HEUE H|W
MAZAo| A 27 A4 9] AT S wjAsl L,
EFo 93t ARAEIETRE 2457 ) 850
1800 x 300 mm Z719] ¥ Y= (unknown, China)
= ARSIl At 5% olste] FER 3719] Aol 4
2725 951, portable gas analyzer (CheckPoint
3, Ametek Mocon, Ringsted, Denmark)S ©]-85}9]
1497 A5 =0 st 93-S B9l 7|UEE Ielst
k. Ao Z7F 74Ee visE ]85t 0.1mm” 2
719 2, 4, 8719] 8 AFota 449 A¥A7l= 4
u]73(DM750 + ICC50, Leica Microsystems GmbH,
Wetzlar, Germany)& °]&d}o] &1 AthFig. 1a),
AAE 4%E FUSHAL 5, 10, 15, 20T 9 AR 2%
olA Aot AAso] HItE Z75tthFig. 1b).
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Fig. 1. Micro perforation (a) and packages for oxygen
permeability analysis (b)

g9 3718 94571 U9 550 x 366 x 325
mm 3719 EZgA" ¥FA(NAP122-1, NPC Co.,

LTD., Ansan, Republic of Korea) 3715 g1, A4

£ FUson BEo| BepATue] HRES
T8 W SR 5% A2olA9 FhES 6l
spsict.



AR &85 =5 A A123d A11E, 2022

2.2 7|MIZMEX] A4 9 Z27849]

YRS 7|A 2 F olisktAs FEE 570t
= non-dispersive infrared (NDIR) ¥4] o]Aks}er4
AA(MinlR, GSS Ltd., Cumbernauld, UK)E Ar&-s}t
R, 5T HAEACE AT AHHEE(28BY]-48,
Mouser Electronics, Inc., Texas, USA), oFFolk 1}
=(Arduino nano, Arduino SRL, Torino, Italy)E ©]
&t} FAE F5HAnh oA v P
AA317] A3t W7 e 71=(Pro Endurance micro SD
card, Samsung Electronics Co., LTD.,Seoul,
Republic of Korea)x oFFolio] AZ 7153t iz
AME FHAIQL 32 GByteE ARESIGITH

AHIEE Ao]7]|H, o]istetA A4, SDIIEE oFF
o9 A Ed ©At 9 5V, ground @A} AAsHTH
(Fig. 2). =23 ARTE QELA Stepper.h 3
Hutds  o]8sily, oliEhtA AlAel #ARITH
SoftwareSerial.h slE|®Y, Micro SD 7}=9] Serial
Peripheral Interface (SPI) &41& ¢Jst SPLh ¢}
SD.h SETLS o853

1

Micro SD card I CO, Sensor (" Step Moter control
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Fig. 2. Arduino circuit design using step motor,
carbon dioxide sensor and micro SD card for
gas diffusion area control device

2AHIRE 9 7|0z F7IRE 7HEo] IHsitirt |9
of gteH w|TLH AR FAsHEE AZolel7] WiZel 2
B9 [} 3| ATte 2 AofstHLt. ojilksletA =
T Ao ZRIM_TDI AZHHH_T), SHEREL_T), °]
A Z3P_P) A SHIHC_P)S B9 A vt
FEHIEES TEoto] Bxgl QIFCR TET WY
2 Aofg £ A== flow chartE 7451 HFig. 3).

b

Read P_P, C_P, T, LT, M_T and H_T

* P_P: previous percentage, C_P: Current percentage, T: Target percentage, L_T:
lower limit of target percentage, HT: higher limit of target percentage

(C_P-P_F) <

-0

| Rotate 4° counterclockwise (closing direction) ‘

No

({C_P-P_F)==0
\K

Rotate 4°

clockwise {open direction)

Rotate 1°
counterclockwise

Rotate 1

. Mo
clockwise

Rotate 2°
clockwise
\LNo
MNo rotation ‘ Rotate 1° clockwise ‘
Rotate 2°

counterclockwise

rotation ‘ Rotate 1 ‘

counterclockwise

L

Fig. 3. Routines for gas diffusion area control with

a step motor
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2.3 3D ZZHE 0|8% &5 ¥ AHO|A XM=
3D fAQl T2 IH(NX 1899, Siemens, Texas,
USA)= ol&sto] AojAst L5RE HASIA(Fig.
4a, 4b), 3D ZHE(Ultimaker S5, Brule, Utrecht,
Netherlands)& ©]-8st] &8st AlolA HEAL
poly lactic acid (PLA)E ©|-83}91, 552} 7|oj=
40| QJ&= thermal polyurethane (TPU)E ©]-&5}o]
8] oAU IS o 7|07t rlIEAR IS
F UEF St ST A7HAH 0| o) 71hgt Bf
E2 AFot] F7IHEYTl P thFig. 40). A
oA Qlo]| o}FFo|le 8} o] AlSlErA: A, AF] HE, wlo]
A= SD 7IEE AZsta WA o] 5} 7]ojg A

25t} ool E&3t 37 fE2 7|2 MARA E
£ 9% AFsta FHdHo|mg Falsto] ARBSFTh
(Fig. 4d).

()

(d

Fig. 4. Device design with 3D cad (a, b), gas diffusion
hole in scotch tape (c), gas diffusion area
control device attached to MA package (d)
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AR 9 MART R 25k = B4 255 T
EZA(TR-73U, TandD Co., Matsumoto, Japan)s
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3.1 57 7|0 M2 J|HENT H|D

A1 =5 s FA5H 5, 10, 15, 20T
A 0.1 mm® 3719 #E 270, 470, 8= 55T HA
< geoto] MARA H9] AthgErt A7t wet A
3} A2 Fig. Sa%t 2ol SH3tch. TP AAFS
St AYLEHO: 587 W uet 2 Rolsh %
Asglom], SET WA AL oo v
AE EAhFig. 5b).
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(b)

. Oxygen concentration rate changes according
to the perforation area, 0.2, 0.4 and 0.8 mm?*
at 10C (a) and the relation between oxygen
permeability and perforation area at each
storage temperature (b)

Fig.
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Fig. 6. Comparison of data-logged carbon dioxide
concentrations and manually measured
gas concentrations at the headspace of
MA packages for different perforation
areas, 0.4 mm? (a), 0.1 mm? (b)
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Table 1. Quality changes of a kind of citrus fruits
(Dekopon) from low temperature storage
(control) and MA packaging

After 30 days
Quality Before

Control MAP
Soluble solid contents 12.8 13.2 12.5
(°Brix) £1.1 +0.8 +1.0
H 3.33° 3.83° 3.44°
P +0.25 +0.13 +0.79
Titratable acidity 1.12% 0.59 1.10%
%) +0.35 +0.08 +0.10
Hunter's L 62.25° 61.21° 60.42°
unters +1.15 +1.66 +2.01
Hunter's a 3331 33.02 32.93
+2.07 +2.60 +2.58
s 61.09 60.61 61.21
Hunter's b +1.91 +295 | +282
Hardness 4.547 3.73 3.44°
(N/@2probe) +1.31 +0.83 +1.43
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