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Abstract Résumeé
Evaluation of diced onionAllium cepal.) quality Assey, L. & Jovcg, D. C.: Evaluation qualitative
using a potentially more efficient 32 conductingd’oignon (Allium cepal.) coupé en cube utilisant un
polymer sensor electronic nose (E-nose) wasez électronique.Evaluation de la qualité d’oignon
investigated. Diced (ca. 6 nijnbrown onion was (Allium cepal.) coupé en cube utilisant le nez
sealed in 5Qum thick polyethylene bags and storedélectronique (nez - E) détecteur polymere a conducteur
for 3, 6 and 9 days at ®C. E-nose sensor response32 qui est potentiellement plus efficace était enquétée.
(%dR/R) to samples headspace gas did not chang®ignon brun coupé en cube (ca. 6 ftait emballé
significantly (P > 0.05) over the initial 6 days of dans les sachets en polyéthylene de 50 pm épais et
storage but significantlyR < 0.05) reduced from mis en stock pour 3, 6, et 9 jours &Gl La réaction
1.91 per cent on day 0 to 1.70 per cent on day 9%d R/R) du détecteur nez - E aux gaz a la téte de
Mahalanobis distance @Dvalues for separation of I’espace d’echantillons n’a pas changé
headspace volatiles data set clusters increased witbnsidérablemen{P > 0.05) pendant les 6 jours
increasing storage period. Pyruvic acid concentrationitiaux de stockage mais reduisait considérablement
reduced significantlyR < 0.01) by 12, 13 and 27 per (P < 0.05) de 1.91 pour cent au jour 0 a 1.70 pour
cent on 3, 6 and 9 days, respectivelfreatest cent au jour 9. Les valeurs de la distance mahalanobis
reduction in dry-matter content, from 18 to 16 pefD?) pour la séparation d'un set de données groupées
cent, was recorded between days 0 and 3. Time ¢i@s gaz volatils a la téte de I'espace, augmentaient
maximum lachrymatory potency (hotness) increasedvec I'augmentation de la période de stockage. La
from 34 s response time on day 0 to 42 s on day 8pncentration de [I'acide pyruvique reduisait
after which it could not be senseM.positive linear considérablementP < 0.01) par 12, 13 et 27 pour
correlation ¢ = 0.803) was found between %dR/Rcent respectivement aux jours 3, 6 et 9. La plus
(Y) and pyruvic acid concentration (X). Overall,grande réduction en teneur de matiére seche, de 18 a
the results suggest that the conducting polymer sensb pour cent était enregistrée entre les jours 0 et 3.
E-nose could be used to monitor quality of minimallyLe temps a la puissance lacrymatoire maximum
processed onion. augmentait de 34 s du temps de réaction au jour 0 a 42
s au jour 3, apres quoi on ne le détectait plus. Une
corrélation linéaire positiver(= 0.803) était
découverte entre %d R/R (Y) et la concentration de
I'acide pyruvique (X). D’ensemble les résultats
suggerent que le nez-E détecteur polymeéere a
conducteur pourrait étre utilisé pour controler la qualité
d’oignon a peine traité.

Introduction Preference for minimally processed food can be
Onions @Allium cepal.) are eaten for their attributed to produce freshness, safetyilability
distinctive aromas and tastes (Block, 1992). Thesaad convenience. Howeyeminimally processed
is a trend of increasing consumer demand féfesh foods have short shelf life compared with
minimally processed foods (Resurreccion &heir intact counterparts (Ohlsson, 1994). Thus,
Prussia, 1986), including fresh cut onionit is important to monitor their qualityvhich is
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currently done mostly by sensory methods (Paime-consuming and technically complex. In
Sachdev & Singh, 1995; Giese, 2000). addition, results from sensory appraisals of onion
The harvested onion bulb is a living orgasamples may be neither reliable nor repeatable due
prone to stress leading to alteration of normab panellist fatigue and inconsistencies even
metabolic activities and to senescence (Kadéhough it is a single most important and widely
1992; Zagory 1999). Cutting of onion bulbsused quality evaluation method (D. O’Connor;
initiates biochemical, physiological andpersond communication). Recenthglatively
microbiological processes that reduce shelf lifmovel electronic nose (E-nose) technology has
Minimal processing technigues such as dicindpeen used to evaluate storage qualities of tomato
wedging, slicing and ringing of onion bulbs causéSinesioet al, 2000), meat, fish, edible oils and
tissue injury and reduce shelf life (Howatdal, fats (Adechy Shiers & Squibb, 2000) and milk
1994, Blancharcet al, 1996). For example, (Korel & Balaban, 2002). The genotypic
reductions in sugar concentration and other foatifferences amongst garlic, leek, chive, bulb onion
reserves are faster in diced onion bulbs comparadd spring onions were discriminated using E-
to intact bulbs (Blanchardt al, 1996). Such nose (AbbeyJoyce &Aked, 2001). Cluster
differences can be attributed to increased ratesasfalysis and principal component analysis (Mark
respiration due to an increase in oxygen influ& Tunnell, 1985Wold, Esbensen & Geladi, 1987),
into diced onion tissues. Rapid superficiadlong with changes in E-nose sensor conductivity
microbial development fuelled by the release afiere used to discriminate odour quality of these
cellular fluid during cutting processes alsalliums.
increases overall respiration rate, and enhancesThe conducting polymer-based E-nose sensor
discolouration of fresh cut onion (Howaetlal, comprised an array of tiny elements that interact
1994; Khatoon & Hakim, 1999). with headspace volatile molecules. Conductance
Headspace flavour volatiles for diced onion inf the various individual polymer units alters upon
modified atmosphere package (MAP) bags reduedsorption and desorption of volatiles. Resultant
in concentration with increasing duration ofesistance signals are processed using
storage (Howaraet al, 1994). Similarlytotal mathematical algorithms to yield output data that
flavour, as indicated by pyruvic acid contentfingerprint the odour characteristics of the sample
reduces with increasing storage period (Blanchapdesented (Gopedt al.,, 1998; Giese, 2000). E-
etal, 1996). Moreovereduction in flavour quality nose devices are safe, easy to use and cost-
of minimally processed onion in MAP bags ieffective. Relatively large numbers of samples
associated with increases in off-flavourcan be analysed per unit time, and automation of
compounds such as methanethiol anadourevaluation is possible (Payne, 1998; Giese,
propanethiol (Bivonen, 1997). Anaerobic 2000).
conditions created as tissue senesces, and as &he study investigates the use of a 32-
result of microbial activitymay also contribute conducting polymer sensor E-nose for monitoring
off-flavour compounds; including ethanol, ethyfuality changes in diced onion, processed and
acetate and acetaldehyde (LarsenMatkins, packaged, by a UK wholesale food supply

1995; Keshri & Magan, 2000). company
Quality assessment of foods in general,
including minimally processed onion, is Experimental

conventionally by sensory and analytical testSample preparation
(Pal, Sachdev & Singh, 1995; Giese, 2000Brown onion bulbs were peeled and left for 24 h
However these conventional tests can be costlio equilibrate to room temperature in a commercial
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food processing factory (Parripak Foods Ltd, UKpf homogenate/TCA (1:1 v/v) solution were
The peeled onion bulbs were disinfected bglispensed into conical flasks. Then, 1 ml aliquots
dipping in 5ug I chlorine water before dicingtoeach of 0.0125 per cent (w/v) 2,4-dini-
about 6 mm The diced onion (250 g) was sealetrophenylhydrazine (2,4-DNPH) and deionised
in 1.3-I capacity 50um thick transparent water were added. This cocktail was mixed for 20
polyethylene film bags with an oxygen permeabilitg and then warmed in a water bath atG7or 10

of 49,500 cr O, linear* m* day* atm* (P-Plus, min. Five ml of 0.8\ NaOH was then added and

Danisco Flexible Ltd, UK). the cocktail mixed for another 20 An UV/VIS
spectrophotometer (Model PU8730; Unicam, UK)
Storage and experiment design was used to measure absorbance at 420 nm.

The diced onion, sealed in polyethylene filnAbsorbance was convertedimole pyruvic acid
bags, was stored aP@. A randomised complete g fresh weight using a sodium pyruvate standard
block design was adopted with three replicationsalibration curve (Schwimmer 8/eston, 1961,
Each block (a tray) was comprised of two sampRandle & Bussard, 1993).
bags of sealed diced onions for each storageSensoy appraisal of lachymatoy potency
period of 3, 6 and 9 days. Thus, there were six simple assessment of lachrymatory potency
bags arranged in a single layer on each ttiged (LP) of the diced onions was carried out. Diced
onion for initial assessment (day 0) was storezhion samples (20 g) from each block were placed
under the same conditions for 20 h beforen glass plates and labelled with two digit
analysis. This delay was adopted becausembers. Samples were selected at random and
minimally processed onion from the factorythe time to maximum lachrymatory potency (time-
reaches sales destinations within 24 h difitensity of hotness), as sensed by the tongue
processing, packaging and handling at lowuring chewingwas recorded with a stopwatch

temperature. (Larmond, 1982). Each test was repeated three
times.
Data collection and statistical analyses Total soluble solids contenDiced onion

E-nose discriminationDiced onion for each samples were homogenised hand-held
time treatment from each of the three blocks wasfractometer (Model PRAtago Co. Ltd, Japan)
homogenised in a Moulinex (Tipo 753; Patendayas used to determine the total soluble solids
Spain) mixer at room temperatusfter 20 min, (TSS) content of the homogenate.
this bulk homogenate was mixed (1:1 w/v) with 5 Dry matter contenDiced onion samples were
per cent trichloroacetic acid (TCA) for 20 s taveighed before and after oven drying at@%or
terminate alliinase activityOne ml of the resultant 48 h. Percentage dry-matter (%DM) content was
solution was placed in a 100-ml Schott bottle arttien calculated on fresh weight basis.
moved into the sample station of AaromaScan
LabSation System (Modél32/8S; Osmetech, UK) Data analysis and presentation
to equilibrate for 10 min at 2& and 30 per cent  E-nose data set clusters of headspace volatiles
R.H. Headspace gas was then sampled foifa the different storage periods were compared
period of 70 s at a gas flow rate of 50 ml/min. Thia a two-dimension (2D) principal component
response of the E-nose 32-conducting polymanalysis (PCA) plot. The PCA was used to reduce
sensor to the headspace volatiles was processleel size of the data from the 32 E-nose sensor
and analysed using32S MicrosoftWindows polymers, and for outlier detection and estimation
Version 3.24B software (AromaScan Plc., UK). of correlation structure between the variables

Pyruvic acid concentratiorOne ml aliquots (Wold, Esbensen & Geladi, 1987). Eigenvalues



86 GHANA JOURNAL OF SCIENCE VOL. 47

(variances) were calculated by multiplying theluster analysis of observations using Minitab
proportion of explained variance by the numbdor WindowsVersion 12.23 software (Minitab Inc.,
of variables for each axis; these being principdlSA) to show relationships among E-nose data
component 1 (PCA 1) on the X-axis and principalet clusters. E-nose sensor response data sets,
component 2 (PCR) on theY-axis. Each PCA determined by relative changes in sensor
explains the percentage variance in the data@sistance ratio (%dR/R), were transformed by the
Mahalanobis distance @pstatistic was used to square-root transformation rule in preparation for
determine the degree of significance of separatié¢dOVA (Gomez & Gomez, 1984) using Minitab.
between PCA 1 and PCA 2 data sets of headsp&t@wvever for convenience of interpretation, the
volatile clusters in the 2D PCA plot (Mark &original data for %dR/R are tabulatédNOVAs
Tunnell, 1985). Bis determined from principal for balanced designs were also performed on
component scores, and assumes a multivarigtgruvic acid concentration, lachrymatory
normal distribution for a given population.potency total soluble solids content and
MathematicallyD?is defined as p=[(x —p)Z*(x  percentage dry-matterThe least significant
—u)’]; where x = distance from ith samplg,= difference (LSD) method was used to separate
class centroid for the populatiobs population treatment means Bt=0.05.
variance which explains data dispersion around
the centroid (Shah & Gemperline, 1989p?> 3.0 Results and discussion
(i.e. three standard deviations) between two dafanose data set clusters for headspace volatiles
set clusters is considered significant separatiafithe sealed diced onion separated in space with
(Mark & Tunnell, 1985). increasing storage period (Fig. 1 and 2). PCA 1
A dendrogram was plotted by hierarchicahnd PCA 2 explained nearly 76 per cent of the
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Fig. 1. Two-dimensional (2D) principal component analysis (PCA) plot of E-nose data set clusters for headspace
volatiles of diced onion in sealed polyethylene film at three different storage periods



VOL. 47 GHANA JOURNAL OF SCIENCE 87

254

a1
e

Similarity level (%)
\l
T

100.

Day 0 Day 3 Day 6 [

Fig. 2. Dendrogram of E-nose sensor responses for headspace volatiles of diced onion in sealed polyethylene film
at three different storage periods

total variance in headspace volatiles. PCA 1 TasLE 1

accounted for over 61 per cent (E|ge_nva|ue = 0.15)1ahalanobis distance (D?) values for E-nose data
of the total variance as compared with 15 per centet cluster separation on a 2D PCA plot for diced

(Eigenva|ue = 0.04) accounted for by PCA 2. Thenion headspace volatiles at three different storage

relative location of each data set cluster of periods

headspace volatiles in the PCA map was Day 0 Day 3 Day 6
dependent on the storage period for the dicéd

onion. Data set clusters for headspace volatil88” 3 3.6 ;

shifted from left to right across the PCA map ag™ © >8 4.3

storage period was extended from day 0 (initial® ° 70 101 16

assessment before storage) to day 6. The increase
in storage duration resulted in significangbove day 0 on the left hand-side of the PCA
(D2> 3.0) increases in the distances between Bap. The position of the data set cluster for day
nose data set clusters for each of days BZ=(D9 explains the greater’alues for days 3 or 6
3.6), 6 (0= 5.8) and 9 (B= 7.0) with reference to versusday 9, these being 10.1 and 11.6,
day O (Bble 1). Thus, even after just 3 daysrespectivelycompared to 7.0 for day@rsusday
there was a change in headspace volatiles for #he The deviation from the established trend may
diced onions. reflect significant changes in tissue metabolism

Interestingly the position of data set clusteand microbial load, which, perhaps, were due to

for day 9 deviated from the trend observed froiifie onset of anaerobic respiration and favourable

day O up to day 6. This cluster was located u®nditions for microbial growth (Howaret al,
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1994; Khatoon & Hakim, 1999). Further work issulphur volatiles that comprise onion flavpur
required to test this proposition. degradation of flavour compounds by enzymes
Three different sets of E-nose data clusters fand/or reduced alliinase activity due to prolonged
diced onion headspace volatiles were identifiestorage at low temperature (Levesal, 1977),
in the cluster analysis dendrogram (Fig. 2). Clustand metabolic switches from aerobic to anaerobic
one consisted of an overlap of data sets for dagespiration (Larsen &Vatkins, 1995) can all
0 and 3, while days 6 and 9 comprised separaterease production of off-flavours. Such
clusters two and three, respectiveljhus, the processes apparently differentially influenced
dendrogram suggests differences for diced onioesponses of the E-nose sensor elements over
flavour volatiles over the first 3 days of storagéme.
compared to samples stored for longdihe Nonetheless, relative changes in the E-nose
similarities in headspace volatiles showed in theensor resistance ratio (%dR/R) of the 32-
dendrogram (Fig. 2) support those evident in th@nducting polymer sensor were not significantly
2D PCA plot (Fig. 1). (P> 0.05) diferent for days 0, 3 and 64Mle 2).
Increases in off-flavours in modifiedHowever a small but significantR < 0.05)
atmosphere packaged (MAP) diced oniodifference in %dR/R was recorded for day 9. Thus,
headspace (Howaset al., 1994.Toivonen, 1997) the PCA-based approach to analysing the data
presumably contributed to the observed trendgas the more sensitive method.
for separation of E-nose data set clusters in the Total pyruvic acid concentration in the MAP
PCA plot and the dendrogram (Fig. 1 and 2ficed onion reduced with increasing storage
Volatiles production by spoilage ganisms duration between day 0 and day Qlfle 2).
(Keshri & Magan, 2000), loss through the semiPercentage reductions in pyruvic acid
polyethylene film of low molecular weight aromaticconcentration on days 3, 6 and 9, as compared to

TABLE 2

E-nose conducting polymer sensor resistance ratio (%dR/R), ppyruvic acid content, lachrymatory potency
(LP), total soluble solids and dry matter contents of diced onion in sealed polyethylene film bag at different
storage periods (mean * standard error)

Day %dR/R Pyruvic acid content Time intensity Total soluble Dry matter
umole g* fresh of LP (s) solids (%) (%)
weight

0 1.91 + 0.03a 8.99 + 0.05a 34.0 £ 0.8b 10.7 £ 0.1a 18.0 £ 0.2a
3 1.87 £ 0.03a 7.97 + 0.06b 42.4 + 1.0a 10.6 £ 0.1a 16.0 £ 0.1b
6 1.94 + 0.06a 7.79 £ 0.10b ND 10.7 £ 0.5a 15.1 + 0.3bc
9 1.70 £ 0.08b 6.60 = 0.07c ND 10.6 £ 0.1a 149 + 0.1c
Mean 1.85+0.04 7.83£0.22 38.2+1.9 10.7 £ 0.7 16.0 + 0.7
LSD 0.14* 0.24* 3.4* NS 1.0%*

ND - not detected.

* ** Significant difference at P < 0.05 and P < 0.01, respectively.

NS, no significant difference at P < 0.05.

Data within a single column with the same letter indicates no significant (P < 0.05) difference in quality
parameter with reference to storage duration.
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day 0, were 1.6, 13.3 and 26.6, respectivelhe providing the diced onion packages used in the
difference between days 3 and 6 was natudy
significant @ > 0.05). There was a positive linear

association between total pyruvic acid (flavour) References
concentration (Xyersus%dR/R (Y); where Y = Assev, L., Jovce, D. C. & Axep, J. (2001)
1.166 + 0.879Xt = 0.803P > 0.05; and n = 4. Discrimination among#lliums using an electronic
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intensity sensory data for hotness, reduc«-ﬁffcrﬁtM" SHIERS, }/-t& i?foJ'BBft'?- (iOOO)"L;smg;Ee
significantly P < 0.05) from 34 s response time on electronic nose” to sniff out food spoilages

1, 2-4.
day 0to40son day 3@5'6 2)'Aﬂer day 3, BLaNCHARD, M., CastaignE, F, WiLLEmoT, C. &

lachrymatory potency was completely Io;t. 1_'he MakrLouF, J. (1996) Modified atmosphere
lachrymatory factqrthiopropanal sulphoxide, is  preservation of freshly prepared diced yellow
known to be unstable. It either vaporised and onion.Posthawvest Biol. €hnol.9, 73-185.
escaped the tissue at low temperature or wBsock, E. (1992) The organosulfur chemistry of the
chemically converted to trans-3,4-diethyl-1,2- genusAllium. Implications for organic sulfur
dithietane 1,1-dioxide (Block, 1992). chemistry Angew Chem. 31, 1135-1178.

The total soluble solids content of the dice@'Ef(E)voJ-(zooo) Electronic nosegd Technol .54, 96-

i i ver f r :
(oﬁallglne gl)d ;?;ncc::uzl?dgtealo(f99%)doabysselslezt?h:t omez, K .A. anD Gowmez, A. A. (1984) Satistical

. ’ . : . procedures for agricultural researchNiley-

an increase in _C.Qc_onc.:entratllon reduced Interscience, Singapore. 680 pp.
physiological activity in diced onion stored forgope . W., ZiecLer, CH., Breer H., Schip, D.,
14 days in air and in a controlled atmosphere Apreieach, R., derces J. & MaLaka, R. (1998)
system at 10 per cent C®ith or without 2 per Bioelectronic noses: a status report, PaRidsens
cent Q. Percentage dry-matter content Bioelectro.13, 479-493.
significantly P < 0.05) reduced with increasingHowarp, L. R.,Yoo, K. S., kg, L. M. & MiLLer, G
storage period @ble 2). The greatest reduction H _(1994). Quality chang_es in diced onions stored
in dry matter content from 18 to 16 per cent was in film packages). Fd Sci.59, 110-113. .
recorded after 3 days of storagat this early ADER, A. A. (1992) Quality and safety factors:
. . . definition and evaluation for fresh horticultural
time, dry matter might have been consumed in

) - ; . ’ .- " crops. InPostharvest technology of horticultural
increased physiological and biochemical activities ¢rops((a. A. Kader, ed.), pp. 185-189. Division of

following the severe tissue wounding. Agriculture and Natural Resources, University of
California, BerkeleyCA.
Conclusion KesHr, G & Macan, N. (2000) Detection and

A correlation was shown to exist between the E- differentiation between mycotoxigenic and non-
nose data and more conventional means of Mycotoxigenic strains of two Fusarium spp. using
determining the flavour quality of diced onion. volatrlnle grOdUICt'\'Aci’nr %Eolfggsgagsncésgydrolytlc
This correlation suggests that the E-nose cou]I{i enzymes. . appl. MICTobiol.o=, ‘

. f h ?ATOON, M. & Hakim, A. (1999) Quality of fresh-cut
be used in commerce for the assessment o onions.HortScienced4, 505.

minimally processed onion qualitffhe E-nose koge, E. & Batasan, M. O. (2002) Microbial and
could save time, reduce financial cost, provide sensory assessment of milk with an electronic nose.
reliable results and offer relative ease of use. J. Fd Sci.67, 758-764.
LarmonD, E. (1982)Laboratory methods for sensory
Acknowledgement evaluation of foodResearch Branch, Canada

The authors thank Parripak Foods Ltd, UK, for Department oAgriculture. (Publication 1637).



90 GHANA JOURNAL OF SCIENCE VOL. 47

Larsen, M. & Wartkins, C. B. (1995) Firmness and  Columbia 156 pp.
concentrations of acetaldehyde, ethyl acetate adHwivveRr, S. & Weston, W. J. (1961) Enzymatic
ethanol in strawberries stored in controlled and development of pyruvic acid in
modified atmosphere$osthavest Biol. €chnol. onion as a measure of pungentygric. Fd Chemo,

5, 39-50. 301-305.

Lews, N. F, Rao, B.Y. K., $1aB,A. R.,TEwWARI, G M.  SHAH, N. K. & GeEmPERLIN, P J.(1989)A program for
& BranDYoRaDHYAY, C.(1977)Antibacterial activity calculatingMahalanobis distances using principal
of volatile components of onio\{lium cepa. J. component analysidrendsAnalyt. Chem 8, 357-
Fd Sci. Echnol.14, 35-37. 359.

Mark, H. L.anp TunneLL, D. (1985) Qualitative near- Sinesio, F, Di NataLg, C., QuacLiA, G B., BUCARELLI,
infrared reflectance analysis using Mahalanobis F M., MoneTa, E., MacAGNANO, A., PaoLESSE R. &
distancesAnalyt. Chem57, 1449-1456. D'Awmico, A. (2000) Use of electronic nose and

Onisson, T. (1994) Minimal processing-preservation trained sensory panel in the evaluation of tomato
methods of the future: an overvielwends Fd Sci. quality. J. Sci.FdAgric. 80, 63-71.

Technol.5, 341-345. ToivoNen, P M. A. (1997) Quality changes in

PaL, D., Schpev, S. & Sne, S.(1995) Methods for  packaged, diced onion&ljum cepal..) containing
determination of sensory quality of foods: a critical two different absorbent materials. Rroceedings
appraisalJ. Fd Sci. &hnol.32, 357-367. of the 7 International Controlled Atmosphere

Pavng, J. S.(1998) Electronic nose technology: an Research Conferenddniversity of California5,
overview of current technology and commercial 1-7.
availability. Fd Sci. Bchnol. Bday12, 196-200.  WoLp, S., EsenseN K. & GeLabi, P (1987) Principal

RanpLE, W. M. & Bussarp, M. L. (1993) $reamlining component analysishemomet. Intell. Lab. Syst.
onion pungency analysislortScience8, 60. 2, 37-52.

ResurreccioNA. V. A. & Prussia, S. E.(1986). Food Zacory, D.(1999) Efects of post-processing handling
related attitudes: Differences between employed and and packaging on microbial populatiorBiol.
nonemployed womenProceedings of the 32nd  Technol.15, 313-321.

Annual Conference on American Consumer Interest,

Received 05 Mar 04; revised 13 Dec 06.



