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It's not easy to detect the specific compounds from various compounds that fermented in bioreactor. The electronic nose
was an instrument, which comprised of an array of electronic chemical sensors with partial specificity and an appropriate
pattern recognition system, capable of recognizing simple or complex volatiles. It can conduct fast analysis and provide
simple and straightforward results and is best suited for quality control and process monitoring in field of biotechnology. This
review examined the application of electronic nose in biotechnology and brief explanation of its principle. In this minireview
numbers of applications of an electronic nose in biotechnology include monitoring fermentation process, to overcome
interference with alcohol, and to detect contaminant microorganism were discussed. The electronic nose would be useful for
a wide variety of biotechnology when correlating analytical instrumental data with the obtained data from electronic nose.
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Figure 1. Process monitoring using electronic nose in bioreactor.
Volatile compounds transferred to the gas-sensor array of electronic
nose and used for analysis for pattern recognition. An artificial neural
network can qualify or quantify culture variables-metabolic activity,
biomass and nutrient concentrations(15).
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AAZE A€ (multisensor arrays)—% o] &3] &
A A AR Eﬂﬁ}‘ﬂ 2pzre) AAMoxe] whegg AsE
e, o] AsE Y slete] QASE W olth(11-14)
(Fig. 1).

HE-S LF9 fingerprintZ} & 5 Ao H(16, 17) HEQ
A WRoRe g FARNT dFAFGEH AHE
He B 79 HolHE FHatdor F A7 AES
sdo s P& 5 Uri(1s, 19).

Ao ol&He AANY FF E SAo AAE]
Za = G g ol BT 4 e
o thate FHd AFI D).

2 AlA  MOS: metal oxide
semiconductor), %A IFZ} (CP: conducting polymer)Al
A, R AMZ FAHZEFER (QMB:  quartz  crystal
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microbalance) Al A, T HEA AR (SAW: surface acoustic
wave)Al A7} B4551 e MOSAIME ZE7F =20
24 gRe FFIEIL tddtq AARY 2F s
7bedtal A EE )7 Bol gt whele oA e F3F}
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of AJg7+e] zlo]Z HWHI} MOSAAMAYE E& 2L E
Q78 @n AL FAH Yo ojFolrke B
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Figure 2. Biochemical reactions during fermentation process of black
tea (EC: epicatechin, EGC: epigalocatechin; ECQ: epigalocatechin-
quinnones; EGCQ: epicatechin gallate-quinnones; TF: theaflavins; TR:
thearubijins; R1~R6 mean reaction serial numbers).
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Figure 3. Neural network used for sensor-fusion. Primary network
received six signal from electronic nose and cascaded by the
secondary network. It received seven signal from electronic nose
output, temperature and NIRS response. A logic gate made the final
decision for the state variables (Pgyu).
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BEEH 0°Col A SAZ A F o)5 vlgEe)q A
FLARS Y3 A 2 $hok WS BET
$HE PCARNS B39 1Ao7t Tkl TRIUT

Pseudomonas aureofaciens= 10°, 3.5 x 10°, 8 x 10° cfyymL¢]
FEHE FEE ANk &, 1010° cfymLE HFH S
aureus, Bacillus cereus, Pseudomonas spp2| 73-% Md= 7hel,
2T, A8 718 EXNE 85% & 01]*1 ?—ﬁ] 7 ettt
49). o8| 4 A= mAEc] L9E =g H3le
el 8] H& A& vt}

Table 1 Various conventional and bio-molecular electronics-based
techniques used to detect food borne pathogens(48)

Conventional method Incubation time Assay time
Microorganism detection
FTIR 2~10 min
Raman /l
Pre-enrichment using
suitable media 2-8 hr
ELISA 2~4 hr
PCR 0.5~4 hr
Enrichment
(needed for same samples) 2~6 hr (after enrichment)
ELISA 2~4 hr
PCR 0.5~4 hr
Detection using molecular biology techniques 1~3 days
Microbiological method 1~3 days
Biochemical method 2~5 hr
Bio-molecular electronics-based method
Biosensor(immimosensor) No incubation 2~7 min (~20 min)
Electronic nose / 1~2 min
Microarrays /
Nanobiosensor / 10~15 min

A olyg vAE
34174 (three-layer back propagation neural network)S A}
g8t JET £t Qo] {UbT AFY AFETY 27
#9 95 Adsied At {F83E By FUoh
85% A=Y AHAQS © FAATN7] A FEAFR
e SHol =2 AAME BFEAY A ojgols HA
3] ZAHITA 715 Aolth. AN ol HEE 9
3| M= fuzzy neural network¥ genetic algorithms neural
network 7l=S FAEAA Eu AdE HeE AtsigH
MFA A AFs7t 7ted 4 JE Aol

MOS, CPAlAY 59 Aztsid] o) 4 + As 94
o Wl A AYE dte AL olAHFE tpHH 5
4 Sd 9l kst 1eu 1 G4 £ e A
A ofE vy EA ~‘?—§ 3 A M=
fingerprint?} 72 IFEOZ §-¢]3Hd)|
Gardner 5(47)2 Staphylococcus aureus} E. coli AFoje] Z}
oldE& 100% AEstA FEg vk JX GC-SAWE HIE
2 T Az A5 uAEvY 747 oE EH/‘}“Z“”
AArge] wel ol AR Frididoez onAE
AABL o) oW mAEQJA] ARE JHEE 4 UG
(Fig. 4) (50).

Keshri 5(51)2 &%°]9 tE F (species)e] A7 =%
Nl BASHE BHES olgse] F79 Aolde WA Bl
NOY F L TFX WF (strain)®] o) E “%‘61 A=
X AA T Younts 5(52, 53)2 E. coli 0157:H7 4%3} E.
coli 0157:H77} obd E. coli 4F-5 ©]83td 1621759t ul
FAIFIHA 58 HH o2 MOSAA AxFTE o]&3te] Al

Sol 44T ALHL 542 <
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Figure 4. Frequency pattern of microorganisms analyzing by
electronic nose based on GC-SAW sensor.

DA ES ARA S Fate trdd dAEES YA
= Frjgelgl ol o] &3 mAESY WA X
g & 4 Uu}. Streptococcus aureus, E. coli, St. pneumonia,
Pseudomonas aeruginosa, Moraxella catarrhalis 52 Ao
AR Wee Ay AEd dstd FAAE 243 AdF
ANAS B3 gy FHOE 74%9 FEZ oS TE
gl k. o]F £AE ol&ste A mTAMc= o=
£ ERo7 #AEY Fgd7A 8ol Hi e 4HA
o|th54). ¢ TR FHP A HAII =YH
FAFN AAEL AN U= Tt 7Y FAAR
dqZstnzt sle =HEC AZHARAL Yt &5
odxl wAE E coli Enterobacter aerogenes, Pseudomonas
aeruginosa,  Aspergilus  fumigatus,  Fusarium  culmorum,
Penicillium spp &2 A7F°] 100 CFU/mL 2G99 AL 25°C]
A 24X 7E BiF & E3FATHSS, 56) UV@E AR o
= AR S "]74"1 4% T 2R1S & AW
Z8% TA] v} o) U7 HldE o]—ﬁ_ﬁlq- 3% wr}

g5E A _7:‘_572: shdst= A7 ol Utk
39, dolg el BAE 0N AHUA P gR-e
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putrefaciens®} Moraxella spp®] —)F% SR LI AE RS %-?7]-
2.73 Log CFU/gIAHE 9.06 Log CFU/g7}A] A A =

o v AEY A FEAE —4 /‘g/‘éiﬂlﬁﬂ T %J&%’}
AE HoFi 91 U]”ﬁ% e FAd - A[7H]
soged wae 153 29E BN AAEe BA
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Sl ARERE AZAUIGE), FRl 4AHE EHo
o) o)d BEE AARE BAG dZeE Aol sa
A THS9, 60).

Headspace W& LA ETOoZ nAES 4= AT
61)7F A1 AE Q3L ColiformAld& HEdhE dd= &8
v ATH62). AR AFE 7FH AT WA AN
o] &3l FHEo] kst Al 4 AlTtel wEhA
zpol 7t FF o FAREAI AaERE A7t uwhed

dlolE -gfo] &2 UTH63).
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44e =z 480 5409 7
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