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Detection of adulteration in ghee Clarified butter fat )
using electronic nose combined with multivaiate
analysis
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Abstract

Ghee is rich in aroma characteristics, nutrition and the unique mouth feel plays a major role in cooking
and human dishes. It is prone to adulteration with low cost substituteriahaof same nature by
manufacturers to earn more money. The available adulteration detection methods of pure ghee wer
costly and timeconsuming processes. Therefore, the use of an electronic Anesefetool as a rapid
method for the detection of pughee adulteration with soybean oil has been investigated in this study
with six different adulteration concentrations from 10 to 60% (w/w). Fhese system consists of eight
metal oxide semiconductor (MOS) gas sensors with different sensitivity sextiwgl. The response
signals of these sensors frormese analysis of all the pure and adulterated ghee samples were collected
and thus subjected to multivariate analysis such as principal component analysis (PCA) and discriminan
function analysis (DFA)The discrimination results for calibration set by PCA and DFA model was
found to be 95.33% and 94.54%, respectively. The validation accuracpasfeesystem for unknown
samples obtained from DFA model was found to be 87.50%. The results demonstraéaabtwtool

might be used as a rapid screening technique for the detection of adulteration in ghee.
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1. Introduction

Lipids are the main constituents of milk that play a major role in nutrition, &rpimysice
chemical characteristics and financial aspects in dairy sector (Patel Zh1Wilk fats are
mostly consumed in the form of ghedafified butterfaj in Asian countries particularly in
India. Ghee is considered to increase memory power, gragpimgr, controlling senses and
strengthening them (Kaushik, Jain, and Rai 2016; Agtil 2018)[® 2. Ghee, the only fat
containing short chain fatty acids which is preferred over different fats predominantly due to
being a significant source of fat solublgamins and essential fatty acids, aside from having
unique aroma characteristics.

Ghee is broadly prepared by four methods namely direct cream methodyutték method,
creamerybutter method and pr&ratification method (Wadodkar, Punjrath, and Shab2?

(24 The milkbutter (traditional) method is more common among consumers in India for ghee
manufacturing process. Ghee prepared by traditional method is believed to be more rich ir
unique aroma characteristics than the other industrial manufacturingsgescand fetches
greater cost (Wadodkar, Punjrath, and Shah 2632)The process involves churning the
fermented milk which yields in butter. The
result, golden yellow color ghee is formed which is straumidg muslin cloth (Anil Kumaet

al. 2018)1,

Ghee adulteration is the process of intentional mixing of cheaper ingredients of same nature f
pure ghee in various proportions, to earn more profit by traders (Ayali 2018)!?. Pure

ghee is being adulteratevith cheaper substitutes like edible vegetable oils, hydrogenated fats,
animal body fats and starchy substances (Amit Kumar 2808his unethical and fraudulent
practice is a serious problem which, must be assessed rigorously to identify the various
aduterations in ghee.

The methods available for the detection of various adulterations in ghee are based or
chromatographic analysis (Raet al 2015) [, spectroscopic analysis (Saleem 2028)
thermal analysis (Upadhyagt al. 2017)[% and physicochemical analysi§andhi, Kumar,

and Lal 2018J. However, these traditional methods are tirnesuming, costly and requires
severe sample processing before routine laboratory analysis.
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The above disadvantages emphasize in expanding biologicat ont i nuous stirring untile it
olfaction technologies for fal quality evaluation. was evaporated fully and golden yellow colored ghee appears
Biological machine olfaction also called an electronicnose (ewhi ch was cool ed down and kep
nose) mimics human nose (Waeigal 2021)!%, E-noses are

being utilized for flavor analysis in foodstuffs with rapid and 2.2 Preparation of adulterated ghee samples

precise way with no sample processingndse reds to the A commercial brand of refined soybean oil was bought from
volatile gases from headspace of foodstuffs which is beingthe local supermarket of Thanjayuwhich was used as an
used as fingerprint for further processing (Wojnowskial adulterant of ghee. Soybean oil was added to pure ghee, both
2019)?%, The most widely used sensors im@ses are metal  in molten stage from 10% to 60% in 10% steps (w/w).

oxide semiconductor (MOS) gas sensors. The MOS type gas

sensors havehe advantage of low price, less response to 2.3 Electronic nose setup

moisture, highly stable towards chemicals, high sensitivity The aroma fingerprints of ghee, soybean oil and adulterated
and long life (Sanaeifaet al 2016) 9. Post processing samples were obtained using amcionic sensing system
chemometrics, including but not limited to principal (ENOVISION, GDAC, Kolkata, India) as shown in Figure 1.
component analysis (PCA) and discriminamdtion analysis  The system has two separate sections, namalyse and €

(DFA) are essential for classification and pattern recognitionvision.

for the enose dataset to identify the quality of foods (&u

al. 2009; Roy and Yadav 2025 29,

Ayari et al. 2018 used an experimental typenese to
detect adulteration range®im 0% to 50% in pure cow ghee.
The features of the obtained effects frormose were
extracted and evaluated using PCA chemometric. The raw
data was also studied for supervised classification technique =
such as neural network based on the values of obtaine | &
confusion matrix. The results of PCA explained 96% and 97%
variance in the dataset for ghee adulterated with sunflower oil
and cow body fat, respectively. In another research by Gaopu
et al 2015, a FOX 4000TM enose was used to detect
adulteration in hpey. PCA was used to investigate the
information variation characteristics ofnese to understand
how a sample varies from other samples. Also, the supervised
classification with DFA by linear discriminant analysis

(LDA) method was employed to study thebildy of The enose system primarily consists of three main units as
qualitative ~ recognition of -@ose to identify various  gampling unit, deteion unit and a control unit. The sampling
adulterations in honey. The results indicated a linear nit includes a sample holder, an air pump, threetay
relationship between-gose signals and various adulteration ggjenoid valves. and power supply. The customized sample
percent. A detailed review on MOS type gas sensor based &,|der is made of glass with an internal volume of 250 mL
noses for identifiation of food adulteration can be mentioned ;55 used for-@mose data acquisition. &rsample holder was

in the article Roy and Yadav 2021, _ _ _ fitted to the enose system by simple threaded fitting to
As was mentioned aboverneses combined with various nrovide an airtight environment. Solenoid valves ensure the
chemometric methods has been considered an excellent to@img| does not pass through the specific lines until and unless
for nondestructive fqoq quality monitoring. In this study, an assigned. The detection unit includes a sensor arsyction
e-nose system consisting of MOS type gas sensor array wittho\er, and a data acquisition card. The sensor array is the
different sensitivity and selectivity was used to collect the ot important part of-eose system which consists of eight
fingerprint information which were further analyzed for \;0g gas sensor (Figaro Engineering Inc., Japan) with
pattern recognition and classification. Therefore, the aim of yifterent sensitivity and selectivity. The target gas
the present workvas to detect adulteration in pure cow ghee g jications of iese sensors were described in Table 1. The
with refined soybean oil using-rose system as a rapid fresh pumped air transfers the sample smell (headspace)

Fig 1: Enovision system

technique. towards the sensor array chamber. As soon as the volatiles
i come in contact with sensors, it responds to specific volatile

2. Materials and methods compounds and the conductivity tifese sensors increases.

2.1 Preparation of ghee samples The data acquisition card converts the odor information to

The pure cow ghee samples W([alge prepared using the direffjecirical signal as voltage values. Finally, the control unit
cream method (Antongt al 2018)™. The cow milk used for  jncludes a computer equipped with a controlled software

the preparation of ghee was procured from a local farmer Ofsystem which was being designed using LabVIEW 2012
Thanjavur district in Tamil Nadu, India. The cream was gnjironment.

separated from milk and heated in a tefflon coated pan with

Table 1: Target gas applications of MOS sensors used-farse study

MOS . Gas detection ranges
Target volatile compounds
sensors (ppm)
s1 Chlorodifluoromethane (R22), dichlorodifluoromethane (R12), 1,4¢trafluoroethane 100 3000
(R134a), ethanol
S2 Ethanol and other VOCs 5015000
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S3 Ethanol, hydrogen, isobutane, CO, methane 200-10000
S4 Butane, propane, LPG 200-10000
S5 Methane, propane, butane 500 10,000
S6 Trichlorotrifluoroethane (R113), chlorodifluoromethane (R22), dichlorodifiomthane|10G 3000 (R113, R22, R
(R12), trichlorofluoromethane (R11) 11, R12)
S7 CQ, isobutane, ethanol, hydrogen, methane 100-10000
S8 Methane, carbon monoxide, ethanol, hydrogen 1130
2.4 Enose experimental methodology variable from the calculated axis with a calculated Eigenvalue

The enose measurement paraters were programmed as corresponding to the amount of variation explained by that
described by Sahat al 2014019, The entire sniffing was axis (Karami, Rasekh, and Mirza&haleh 2020)1. The PCs
based on four cycles as heating time, headspace generatiggnssess most of the data information thaswcattered in the
time, sampling time, and purging time. The pure andraw dataset. Each PC represents the variance direction in the
adulterated ghee samples of 50 g each in molten stage wermata, with the largest variances are the most important. The X
placedin the sample holder and the measurements were takeraxis of PCA represents the first PC (PC1) with the most
The sample holder containing ghee samples were heatedariance explained while the Y axis represents thensbB&
based on illumination heating to generate the headspace witfPC2) with the second most variance explained. A loading
sufficient sample volatiles. The parameter setting on the entirgplot in combination with the PCA score plot describes how
sniffing cycle of thee-nose is as indicated in Table 2. The strongly each variable influences to the sample
output responses (in voltage) from the sensor array was takediscriminationgWojnowskiet al 2019)28,

in millisecondlevel (10 output values in 1 s). Ten replications

were considered for each sample. The dataset used o pr&.5.2 Discriminant function analysis

process @0se response was 830 x 1000 data matrix. The The DFA is also called canonical discriminant analysis
output values below and above the lower and higher rangéCDA) or linear discriminant analysis (LDA), or quadratic
limit (called outliers) were removed from the raw datasetsasd i scr i mi nant analysis (QDA),

described by (Sainis, Srivastava, and Singh 2618) linear discriminant to find a linear combination of features to
separate multi class objsc The DFA is a supervised
Table 2: E-nose parameter setting for pure and adultergivee multivariate analysis used to differentiate different sets of
assessment samples and assign new samples to the previously defined
Parameter Conditions groups. The aims of the model are discrimination and
lllumination heating (temperature and tin{60 + 3 °C for 300 classification. The DFA algorithm is evaluated by a teghe
Headspace generation time 30s called confusion matrix represented by predicted vs true value
Sampling time 100 s to summarize the quality of prediction (Okefral. 2021)4,
Purging time 100 s The DFA model builds a classifier to distinguish the samples
from a known population. The emphasis is to distribute the
2.5 Classification and pattern recognition unknownsamples into the known groups with the classifier

For classification and pattern mgnition of pure samples and  (Tohidi et al 2018)/?2.
adulterated ghee samples, chemometric analyses such dhe variable features are utilized to differentiate the unknown
principal component analysis (PCA) and discriminant samples by maximizing the variance between groups and
function analysis (DFA) were performed. The PCA and DFA minimizing the variance within groups to improve the goal
(by LDA method) are extensively applied to discriminate the between clusters. The method utilizes the discriminant
sampes based on-sose dataset and to identify adulterations functions (DFs) to determine which group from the original
(Yu et al 2009; Shert al 2018 Yin and Zhao 2019; Okuat dataset it would assign each sample in the final dataset. It
al. 2021)%8. 202711 These multivariate analysis methods help ensures this via a crossalidation (leaveoneout) method,
to identify the patterns of various samples with classification where the DFs are determinafhile eliminating one variable
accuracy. Also, thetesting of unknown samples can be from the dataset. The DFs are then used to classify the
identified based on the training of known samples by DFA variables into their individual groups. Hence, higher the
method. OriginPro 9.5 (OriginLab Corporation) statistical correct classification of particular groups, the easier the
software was used to perform the multivariate analyses. sampl[e ]group differentiation and vigersa( $ | i wat &€s k a
2016)24,
2.5.1 Principal component analysis
The PCA is an msupervised learning and dimensionality 3.Results and Discussions
reduction technique that reduces large datasets into smalle8.1E-nose response to pure and adulterated ghee samples
ones by retaining most of the original information in the new The mean output responses (in voltage) of eight sensors from
data set in reduced form and identify the correlations ande-nose analysis in pure and adulterated ghee samples are
patterns among samples (Ayat al 2018) 4. The PCA shown in Figure 2. Each cokxt line represents the change of
method explains the data in such a way, which highlights theirelectrical conductivity of sensors duringnese analysis. It
similarities and differences by making clusters and illustrating was observed that the conductivity of all the MOS gas sensors
the variances with classifition accuracy in a score plot gradually changed (increases or decreases). The sensors S2

(Ghasemivarnamkhastiet al 2012)[®. In PCA score |ot, and S3 were found to be the most sewsitowards pure and
each sample corresponds to each point, and different kinds cfidulterated ghee samples. This was mainly because of the
points correspond to different kinds of samples. presence of volatile organic compounds and ethanol (alcohol)

The method creates new variables as linear combinationspresent in the samples. The significant change of S2 sensor
which are called principal components (PCs). The PCs ardor pure ghee samples could be observed compared to other
calculated for each varilh indicating the distance of any adulterated ghee samples, which was considered to be more
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useful and helpful for the detection of adulteration in pure and adulterated ghee samples. Thus, these tworse®S and
ghee. Meanwhile, the sensitivity of sensors S5 and S6 was$s6 can be removed from the sensor array to construct an e
found to be low and also notably did not change muchnose comprising TGS series of MOS gas sensors which might
compared to other sensonsdicating a lower role in give more efficacy particularly in ghee adulteration
classification of pure and adulterated ghee samples. This alsa@entification. Similar results were obtained by Stetnal

lead to redundancy in-mose dataset thus, creates low 2016 [® to detectthe orange juice adulteration usingnase
performance of @ose particularly in classification of pure analysis.

Fig 2: Radar graph response showing mean values of eight sensors on pure and adulterated ghee samples. G: ghee, S: soylean oil, GS1
GS60: ghee adulterated with soybean oil from 10% to 60% aaitte concentration levels in 10% step.

3.2 PCA results for pure and adulterated ghee samples aralysis showed the relative role of each sensor in pattern
The PCA method was used to reduce the dimensions of theecognition analysis (Figure 3B) (Ghasewi@rnamkhastiet
obtained enose dataset and for primary assessment of theal. 2011). The S2 sensor close to theaXis of PC1 has the
relationship of classes. The results of P@Ars plot showed highest role in classification of all the samples. While sensors
that the two PCs i.e., PC1 and PC2 explained the variance 085 and S6 areaf away from the axis and thus they have the
84.74% and 10.59% in thermse data (overall 95.33%) for lowest role in classification of pure and adulterated ghee
pure and adulterated ghee samples, respectively (Figure 3Asamples.

The loading plot in combination with score plot from PCA

Fig 3: PCA results obtained frommose data analysis (A) score plot, (B) loading plot. G: ghee, S: soybean oil, GS10 to GS60: lggrad¢eadu
with soybean oil from 10% to 60% adulteration concentration levels in 10% step.

From PCA score plot, a small portion of pure ghee samplesoverlapping, a general separation of pure ghee samples from
(G) and GS10 samples were mixed with one another and ather adulteratedamples could be observed. In the case of
wrong classification of one observation of G sanquald be adulterated ghee samples, it was observed that almost one or
observed to locate in GS50. The intraflavor variability two samples from each group overlaps with nearby group.
between G and GS10 is quite small and thus the overlappinghis is indicating that the volatile compositions between the
was observed between them. However, except these smaldulterated ghee samples were sahwe similar based on the
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