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Control of Microbial Shelf Life of Perishable Food by Real-Time
Monitoring of CO, Concentration of its Package

Hwan Ki Kim', Duck Soon An', Hyuk Jae Lee?> and Dong Sun Lee'’

!Department of Food Science and Biotechnology
’Department of Information and Communication Engineering, Kyungnam University, Changwon, 631-701 Korea

Abstract Real time control logic of microbial shelf life of a perishable food, seasoned pork meat has been formulated
which exploits monitoring of CO, concentration of the package. The potential of the proposed logic was examined for
storage at dynamic temperature conditions. The start of increase in CO, production rate from the food or rate of package
CO, concentration change was found to coincide with the point of microbial quality limit and could be used as an index
of microbial shelf life determination. This also corresponded to lag time of CO, concentration change or time for the CO,
concentration to reach a certain value. The application potential of the proposed logic was confirmed for a sensor system
to measure on real time and transmit the CO, concentration wireless to the computer system.
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Type

Sensing principle

Advantages

Disadvantages

Commercial examples

Nondispersive infrared
detector (NDIR)

Energy absorption of CO,
in infrared wavelength

Simple in structure and
easy to use

Bulky and expensive

Carbocap of Vaisala (Fin-
land); Bta of Vernier
(USA); K33 of Sense-
Air (Sweden)

Fiber optics

Changes in optical proper-
ties of film layer at the tip
of a fiber responding to
Co,

Chemically inert and
resistant to the presence
of other gases

Use of lenses

Metal oxide

Conductance or resis-
tance change due to
chemical reactions on
the sensor surface

Robustness and long-
term stability

Potential irreversible bind-
ing of metal oxides with
sulfur compounds from
foods

CDM series of Figaro
(Japan)

Summarized from Neethirajan et al. ® and Korotcenkov”.
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Fig. 1. Diagram of wireless CO, concentration measurement system on real time basis.
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Fig. 2. Photograph of wireless CO, sensing system for per-
ishable food packages.

thermal conductivity detector)’} 2 73| AZrFE 1)
3 (Model 3800, Varian Inc., Palo Alto, CA, USAZE
AtAth SAZASZA RE7]A (carrier gas)= Hesr
30 mL/min®] F#o® 527 31905, L2 EE 50°C, 7
- (injection port) +%== 80°C, HZ7](detector) ==
95°CE FAlskT.

3.0¥EN FE &Y

=4 FEEME 3718 F45E ST AR
30 g stomacher bagel Fste] FFE 05% FHE=F
90 mLE #7F5laL Stomacher (Stomacher 400 circulator,
Seward Limited, The UK)E ©]&3}4 300 rpmollA] 4+
B #Assle] Alg Yoo R o]gslgon, AR dAS
TAEE 1081% 3]2435lke] Plate Count Agar (PCA; Difco
Laboratories, Detroit, USA) BiX]ol] FYHHA3I] 30°Co]
A 397 wigste] F2UE % (colony forming unit,
CFUYE A3t

1. REXHO| M2 EY CO, 5EHAS HEEA
WA ARFRe AYSE T4 AREA LExe) ot

=4
e shte] Z1Eo e u Ao, A ol U3
ewagole 4 288 5 9o ANVHOE T



36 Hetr] - ekl
12 I 160
15°C L !
Y L——— 10°C
/ 5°C
10 120
/ / 0°c 2
' ]
: 2
o0
z 4 / g
e 8 0 80 =
) ¥ 2
./ . 3
1| 1 9
WA e £
6 . 40
] ' . . o
N MR e
15c 7| e :J,,
4 - S 0
0 2 4 6 8 10 12 14 16 18

Time (day)

Fig. 3. Microbial growth (bold lines) related to CO, production
rate (dotted lines) for seasoned pork meat at different tem-
peratures.
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Fig. 4. CO, concentration ([CO,]) and its change rate ([CO,)/
dt) of seasoned pork meat package related to microbial growth.
300 g food in 1 L jar with 702 mL of free volume. O: micro-
bial count; 4: microbial count estimate (107 CFU/g) at out-
break of d[CO,]/dt.
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