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The Utilization of Simple Mathematical Model in Developing Equilibrium Modified Atmosphere inside The
package of Fresh Produce

afs Wastnd' 2550l AuAna’ uwea innawuwdn’

a a a o s a
AREN ATIRDANA' &5Ey) AuAnadNgna 1@ laensd’ uaz 0ndl swdiurey’
Asira Fuongfuchat1, Wannee Chinsirikul1, Noppadon Kerddonfag1

Tatiya Trongsatitkulw, Soraya Phiboonkulsumrit’, Saowapa Chaiwong1, and Vanee Chonhenchob’

Abstract

Development of equilibrium modified atmosphere (EMA) inside the permeable package containing
respiring commodities such as fresh fruits and vegetables demands careful regulation of various inter-related
factors. Therefore, mathematical model based on simple gas transport and metabolic kinetics was utilized to
predict the composition of respiring gases, i.e., oxygen and carbon dioxide, inside the package. Optimization of
package configuration and film selection/development to attain EMA condition from high permeable films can be
achieved using the model. The simple mathematical model used was found to efficiently predict gas composition
inside the EMA package of 4 selected Thai vegetables. Moreover, the model calculation was in good agreement
with the results of packing test of Chinese broccoli in high permeable film that the produce can generate its own
EMA (11.5%oxygen and 3.5% carbon dioxide). Shelf life of Chinese broccoli in such EMA condition can be
extended to 24 — 36 days at 5 — 7°C without a sign of withering. However, quality of plant material and storing
condition has been found to complicate the results.
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Table 1 Respiration rate of selected Thai fresh vegetables

Commodities Weight (g) Head Space (cmz) Temperature (°C) R (mg CO,/kg.hr) RQ (mass)
“Big Hot” Chili 100£2 8402 5-7 184+0.8 0.70+0.04
Baby Corn 105%5 850 £ 2 5-7 494144 0.941+0.08
Chinese Broccoli 320+ 2 3,350 £ 50 5-7 195107 0.66 = 0.03
Holy Basil 40%5 930 % 15 10-12 96.8+7.9 1.10 £ 0.08
Thai Basil 40t5 930+ 15 10 - 12 358+ 2.1 1.18 £0.04

OTR uaz CO, TR aasaunarafiniwmunIululasinisuanslunsem 2 Tnaanuaasiiilunimeaaui
gomni 23°C edwlsfinn Winnimeasuliareurqugnmnilunisldeiuasare 5 - 30°C TnaenduAiasian
NNFANUIDUAREIANNTIBIBLTWLEA (Arrhenius equation) AdudngFaasinalunIng 1 il lunsanuan

Table 2 OTR and CO,-TR of high permeable films at 23°C and 0%RH

Film Thickness (Llm) OTR (cm3/m2.day.atm) CO,TR (cmslmz.day.atm) B

B4 30+35 16,500 * 350 43,000 £ 1,200 26104
c4 25+ 15 16,000 £ 260 45,000 = 900 28103
c5 2720 12,000 % 300 35,000 & 600 29%03
C9 261 2.0 8,000 = 50 16,000 & 300 20+02

1\\\”\\\9\

0.0032 0.00325 0.0033 0.00335 0.0034 0.00345 0.0035 0.00355
T (1K)
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Figure 1 O, and CO, permeation of “C5” film as a function of absolute temperature; solid symbol: O, permeation,
open symbol: CO, permeation and solid line: gas permeation according to Arrhenius equation.
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Table 3 %0, and %CQ, inside the packages of fresh produces at equilibrium state: experimental data and predicted value

Commodities/Bag Storage Experimental Data Predicted Value Remark
T. (°C) %0, %CO %0, %CO,

200 g Blue berries/Clean-Plas Film 15 5 5 4.7 4.7 Song et al. 2002
470 g Tomato/VF71 Package 10 3 10.5 3.0 10.8 Hayakawa et al. 1975
50 g “Big Hot” Chili/B4 (4x4.5 inch) 5-7 15.6+0.7 24+05 14.5 24

50 g “Big Hot” Chili/C9 (4x4.5 inch) 5-7 17.4+0.5 1.5+£0.6 15.5 3.1

50 g Baby Corn/B4 (4x4.5 inch) 5-7 0.7+0.5 50+1.5 0 7.4

200 g Thai Basil/C9 (8x17 inch) 10-12 6.0+1.1 7A+1.7 6.6 7.2

200 g Thai Basil/C9 (10x17 inch) 10-12 71+1.2 4.8+0.9 8.5 6.0

Note: RH inside the packages > 95%, ethylene concentration inside the packages of Thai basil < 0.5 ppm (within 7 days).
TunmegeuussqEnazdn  IiiaunisadiaaiansetinsdirasnldlunisaentsiaNaNAILAAINANITLIFq 11
FNINT 4 AINNITATUIUNLFIAAN C4 waz C5 wisnzanlunsussqinaztiniuintinussy 500 ninlaeldneaun
2o A = & o % = o \ P o o
8 x 12 Ha BnuIAauAINa1aNIsaEiaang N iuTnE lAuuNe 24 Sulasunuazligo@aun anuhidy Co uas
geussqildlunisd e laeiliiengnisfiuinmlfides 14 uwaz 1 Jusnandu teeldnisgoydanomin > 2%
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Table 4 EMA condition inside 8 x 22 inch bags containing 500 g Chinese broccaoli storing under refrigeration at 5 -7 °C

Film Predicted Value Reach eqb. Experimental Data Shelf life
%0 %CO. within 2 days %0, %CO (day)
C4 12.2 3.6 v 128+1.5 3.0+.0.2 24
cs5 9.2 38 4 115408  35+02 24
C9 12.1 5.9 X 120+£1.2 52+0.3 14
Commercial 21.0 0 X 21.0 0 1

Note: RH inside the packages > 95%, shelf life was identified by <2% weight loss and greeness
* PE bag with 280 holes with diameter of 3/16 inch
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