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Abstract
This literature aims to investigate the applications of the freshness of food products. Food product contains microorganism that

can degrade the quality of the product. Good quality of food product has higher nutritional (protein) level will be beneficial to psychosocial human health status in current and future generations. Fresh foods with good smell and taste and high nutritional value

are most important. Such new food products play an essential role in diet selection and metabolism. Literature suggests different
methods distinguish well know samples with additional storage time and temperatures. Statistical analysis techniques describe envisaging quality control, process monitoring, freshness evaluation with shelf-life investigation, and authenticity assessment.
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Introduction
Easy and fast life may affect the human lifestyle. The living com-

munity can adjust their life in a critical situation. In the world, 85%

of the pupil may lead the human disease when they eat contaminat-

ed food. Contamination food sources may vary from place to place

Perishable foods with a good test and high nutritional value are

essential in humans’ daily lives. The meat’s high healthy concentra-

tion is highly vulnerable to spoilage and contamination [4-9]. At the

animal slaughterhouse, the freshness of meat degrades because of
biochemical reactions and higher bacteria and viruses induced dur-

as per lifestyle community. The harmful bacteria, toxins, and virus-

ing the storage. Bacteria and enzymes decompose carbohydrates,

environment, or the food processing unit [1]. Meat contamination

other gases [9].

es are responsible for causing human diseases like gastrointestinal
infection. The origins of contaminated food could be animals, the

is the primary source during meat processing at the animal slaughterhouse. After slaughtering, several types of equipment are to be

utilized during the food process, which might all factors potentially

contribute to maximum acceptable bacterial level, odor, or other
appearances for food consumptions [2-3]. Common characteristics
of food contain pleasant aroma and good nutritional status. The

spoilage food has an excellent bacterial level, unacceptable odor, or
appearance for food consumption. High water content and nutrition are considered the most perishable foods [3].

protein, and fat into acetaldehyde, hydrogen sulfide, and ammonia.

Therefore, meat/food with different freshness status will generate
Traditionally human sensory system is used to detect and evalu-

ate the freshness of food/meat. Due to the traditional design, the

quality of food directly and the reliability of food freshness with
disadvantages such as error caused by assessor fatigue and the fact
to measure expensive and time consumption reality. Because of it,

essential sensory technology development, such as electronic noses and tongues, has good applicability in detection [9]. Electronic

noses check for rapid and nondestructive food evaluation; beverages win discrimination, fruit quality detection, and meat evalua-
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tion [2,7,8,10-17,18-25]. Therefore, we believe that the E-nose can

detect the different kinds of gases produced by food/meat with
other freshness statuses [3].

Machine Olfaction Technology is nothing but digital scent tech-

nology which is the part of engineering and science discipline
which deals with digital olfactory representation. Scent, odor, or

aroma is continuously feeding in the air stream and machine has to
detect the chemical compound structure in the form of digital smell.

Therefore, the machine olfaction technology is to sense, transmit

and receive scent enabled digital device called as electronic nose.

To understanding of an electronic nose is to describe broadly and

partly overlapping specificity and selectivity of a volatile organic

compound with an array of chemical gas sensors. It works simi-

larly to several aspects of the human nose. An electronic nose is a

chemosensory device capable of chemical compound quantity into
an electrical signal and responds to the intensity of specific substances such as atoms, molecules, or ions in gases or liquids states.

The inquisitive capability demonstrates a chemosensory response

for molecules in the gas phase [26]. Ideally, the sensors used in the
electronic nose should fulfill high sensitivity in a chemical com-

pound similar to the human nose (10-12 g/mL), low sensitivity,

medium selectivity, and reliability; robust and durable in a short
and recovery time; easy calibration and processable output data

with small dimensions [26]. A sensor designed for commercial and
industrial purposes requires high safety and low power consumption with minimum working temperature and valuable advan-

tages with low manufacturing costs. Numerous types of sensors
are available, but only four technologies exist in the application of

commercialized electronic noses (Figure 1): metal oxide semicon-

ductors (MOS); Metal oxide semiconductor field-effect transistors
(MOSFET); conducting organic polymers (CP); piezoelectric crystals (bulk acoustic wave = BAW).

Figure 1: Schematic diagrams of 5 different kinds of sensors.

Caption: MOS = Metal Oxide Semiconductor; CP = Conducting

polymer; BAW = Bulk Acoustic Wave; SAW = Surface Acoustic
Wave; MOSFET = Metal Oxide Semiconductor Field Effect
Transistor [26].

Several sensors are collected to form an array that detects and

recognizes the product based on their odor signature called an

electronic nose. The compressive history is of the electronic nose
is provided in figure 1 [26]. The device consists of electromechani-

cal sensors and an appropriate pattern classification algorithm to

recognize specific odors [27]. An electrochemical device can convert chemical quantity into an electrical signal. However, the sen-

sor technology promises advancements and faster development in

a real-time system to ensure the safety of meat quality in products.
A review of the current applications and technological progress is
shown in table 1.

Nowadays, E-nose is commonly used in various fields, including

the food quality/quantity, environmental analysis, medical diagno-

sis, and narcotics industries [27]. In the food industry, several pur-

poses such as quality control, process monitoring, food freshness
evaluation, nutritional life investigation, and authenticity assessment task are performed by an electronic nose in a proven effec-

tive manner. A significant volume of work has been done to ensure
meat quality yet applying an electronic nose to inspect slaughterer
factories remains unknown. A detailed review of meat quality as-

sessment using an electronic nose in different environments is
shown in table 1. In the current literature, we advise a tool to inspect a product with an electronic nose to help them while examining slaughter shops.

Citation: Dewanand Atmaram Meshram and Dipti D. Patil. “Applications of Nutritional Freshness Inspection Analysis by Electronic Nose (Machine
Olfaction Technology)". Acta Scientific Computer Sciences 4.2 (2022): 97-104.

Applications of Nutritional Freshness Inspection Analysis by Electronic Nose (Machine Olfaction Technology)
99

e-nose: Applications in product analysis
Reasonably merits of e-nose are determined by specific chemi-

cal compounds establishing the aroma profile over the traditional

conspicuous method. The product analysis is fast, simple, low cost,

and time-consuming for quality control applications. This review

found in industrial practice. Hence, the methods are proposed to
develop a handled device for low cost and good selectivity.

Differentiation between kindly of products (Meat/fruit/etc.)
From the customer’s point of view, the product is an essential

paper aims to present a variety of kinds of e-noses used to evaluate

issue because of the quality and the customers’ health, dietary,

application.

to demonstrate the e-nose to identify total bacterial count (TBC)

products (meat, beef, fish, fruits, and vegetables), future develop-

ment, methods, and research results discussed for practical e-nose
Product Spoiled monitoring
Monitoring of Product spoilage works by measuring chemical or

and religious aspects [28]. To analyze complex data by a human

is a time-consuming process. Therefore, the literature proposed
molecular biology or Spectroscopic measurements. A successful
differentiation between product samples (meat, sheep, cattle, and

poultry) was performed using e-nose based on odor [29]. Principal

biological bacterial aroma intensity. The aroma intensity method is

component analysis (PCA) could use statistical data analysis from

(TBARS), and total volatile elemental nitrogen (TVBN) measure-

teration with proteins from another, cheaper species. Data was ob-

traditionally indicated by spoilage indicator. Standard tests include
total bacterial count (TBC), thiobarbituric acid reactive substances

ments [28]. Also, colorimetric sensory evaluation can be helpful in

the detection of spoiled samples. The product spoiled monitoring
process is strongly connected with aroma changes probability in-

vestigation of employment (Table 1). A standard method involves

different product samples to identify product freshness. Other
types of pieces discriminate by the e-nose to detect product adultained with multivariate analysis (PCA, DA, PLS, MLR, and BPNN).
Production monitoring

In literature, direct use of e-nose simulates the monitoring for

choosing the storage type of packaging and temperature condi-

the production process. The sensors with tin-oxide semiconduc-

analysis. Metal oxide semiconductors or conducting polymers were

network. The array of sensors can be applied to demonstrate dy-

tions. Different period samples were collected from the storage,

typically household, industrial needs, and slaughterhouses for

used to analyze the product’s freshness with particular attention
to measuring a nutritional quantity. Few applications using colo-

rimetric sensors to develop statistical data analysis involve multivariate statistics and artificial neuron networks. The successfully

attempted samples to employ an E-nose product spoilage monitoring prove the quality of the product. Therefore E-nose is yet to be
Sensor Arrays (E-nose)

Type of
Product
(e.g., meat)

Storage
condition

tors applied for the tests of the product; few sensors to dope with
metal catalysts. For result analysis, PCA with an artificial neural

namic process monitoring during production. An investigation of

process monitoring performed 12 metal-oxide-semiconductor
sensors collection to check the freshness of product were subject

to manufacture protocols and several even 2,4,6,8,10 days or odd
3,5,7,9,11,13 days. Product adulteration with ochratoxins is very
chancy for humans and is considered a cancer-causing agent.

Storage
days

Detection methods

Spoilage monitoring

Microbiological
analysis,
sensory analysis

Chemosensory
classifier

References

PCA, DFA, SVM

[30]

8 QCM coated with
metallo-porphyrins

Beef (raw)

0, 4, 8, 12 or
16 °C

19 days

10 MOS

Beef (raw)

2 °C

14 days

TVBN, microbiological
analysis,
sensory analysis

PCA, LDA, ANN:
BPNN, GRNN, LOO,
MD

[31]

12 days

TBA,
color evaluation,
CO2 determination,
microbiological analysis

PCA, CA

[32]

10 MOS

Beef (raw)

4, 8 or 16 °C
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6 MOS

Beef (raw)

20 °C

6 days

---

6 tin oxide sensors based
TGS
temperature sensor
humidity sensor

The output of each
sensor gets expressed in function
of time of storage

Beef, sheep
(raw)

4 °C

15 days

Microbiological analysis
TVC

PCA, PLS, SVM

[34]

Colorimetric array of 16
sensing materials

Poultry
(boiled
marinated
turkey)

0, 3, 10, 17,
24, 31
MAP (30%
CO2, 70%
N2)

Microbiological
analysis, sensory
analysis

HCA, PLS

[35]

Total volatile basic
nitrogen

OLDA and adaptive
boosting (AdaBoost); LA, BPNN

[36]

Biogenic amine, The
total viable bacterial
count

PCA, PLS

[38]

Colorimetric sensor array

Poultry (raw
chicken
breast fillet)

38 and 45
days;

4 °C

1 to 9 days

Pork (raw)

4 °C

11 days

8 MOS

Pork (raw)

5, 10
or 15 °C

7 days

18 MOS

Pork (raw)

Pork (raw)

4 °C

4 or 25 °C

10 days

Pork, mutton, chicken,
beef sausages

–20 °C

11 MOS

Colorimetric gas-sensor
array

38 MOS

Pork

Differentiation between types of meat
SAW sensor

5 °C

PCA, BPNN

[37]

PCA

[39]

Microbiological analysis

PCA, PLS, LOO-CV,
SVR

[40]

---

GCMS-HS

PCA

[29]

7 days

8 days

TVBN

[33]

TVBN, microbiological
analysis,
sensory analysis
----

LDA, LOO

[18]

10 MOS

Mutton, pork

–18 °C

---

-----

CDA, BDA, PLS,
MLR, NN

[21]

16 semiconductor sensors

Pork, Iberian
ham

---

5, 10, 13
months

sensory analysis

PCA, ANN

[41]

HS-SPME/GC–MS, HPLC

DFA

[42]

Process monitoring in the production

12 MOS

pork sausages

---

5, 7, 10,
14 season
days

Table 1: Applications of nutritional freshness analysis (e-noses) [28].

Citation: Dewanand Atmaram Meshram and Dipti D. Patil. “Applications of Nutritional Freshness Inspection Analysis by Electronic Nose (Machine
Olfaction Technology)". Acta Scientific Computer Sciences 4.2 (2022): 97-104.

Applications of Nutritional Freshness Inspection Analysis by Electronic Nose (Machine Olfaction Technology)

Detection methodology were used to identify the nutritional

freshness as per the type of food product shown in table 1. The

methodology uses to differentiate between the types of meat,
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Patients are suffering from radioactivity therapy exhibit sen-

sitivity in taste relative to pre-treatment levels. Radioactive treat-

ment commonly alters the flavor up to 56 % -76%. As demon-

process monitoring in the production as well as spoiling of food

strated, the cyclical effects of radioactive therapy on taste function

ditions. Based on the storage condition the chemosensory classi-

may be related to specific protein rather than specific taste.

product. Number of sensors array has to receive the scent of food
product which is store odd/even days and different storage con-

fier differentiate as well as transform the validation of nutritional
freshness of product.

Frequency of olfactory disorders
The frequency of olfactory disorder has been higher and associ-

ated with cultural development (smell and test) [43,44]. The com-

mon observation that sensory properties influence food choice,
evidence supporting an association between taste and smell function and nutritional status is limited [43,45-47]. However, the pa-

tients commonly report partial smell and taste for common foods
such as meats, fresh fruits, coffee, eggs, and carbonated beverages is not necessarily improved health to their overall nutrient

intake [48]. Changes in associated gastronomic practices, such as
increased salt, sugar, and heavy use, might obscure hypertension,
diabetes, and circulatory disease. Additionally, some entities with

chemosensory syndromes increase food intake to compensate for
reduced sensory inspiration and gain weight.

In contrast, other patients reduce food consumption due to

lesser food appeal, resulting in weight loss [48]. The chemosensory
function may have limited data support to maintain physical/men-

tal health. A systematic literature review, olfactory and chemosen-

decrease the taste identification abilities linking. The recent evidence suggests that taste alteration during radioactive treatment

After the six months post-treatment, changes convinced by ra-

dioactive treatment resulted in Olfactory sensitivity reported in pa-

tients. Modifications in chemosensory function in cancer patients

experiencing radioactive therapy can influence food preferences
and real-world social aspects of human life.
Diabetes

In a diabetic patient, a chemosensory dysfunction has been

reported in over 60% sweet taste sensitivity. The disturbances
of chemosensors in diabetic patients are associated with comorbidities and complications. Taste and smell function have failed to
detect differences in healthy controls and uncomplicated diabetic

patients. However, taste and olfactory functions have found the

severity of gustatory symptoms and degree of neuropathy. During
the diabetic diseases, evidence suggests that reported differences
in sweet taste function due to neuropathy rather than defects of

glucose reception. Also found acetone in an exhale breath through
the chemosensory sensors.
Hypertension

Quantity of sodium intake may increase in a food product inves-

sory functions may affect smell detection, sensitivity identification,

tigate the associate relationship between salt taste, salt intake, and

Cancer

researchers proposed decreasing the use of high salt taste may re-

and psychiatric disorder quality, respectively [43]. Due to specific
smell and test functions have been proposed food intake strategy.

In a cancer patient, the nutrient product is to maintain adequate

energy. The nature of cancer patients has been reported as dyspep-

sia, dysosmia, and heightened and diminished sensitivity to specific taste qualities or odors [4,6,49,50]. The chemosensory function

depends on lower energy intake, BMI, quality of health, and protein

intake [5,51-59]. To recover the patients, anti-cancer therapies like
radiation therapy reduce the number of tongue taste exposure related to tongue taste impairment.

blood pressure. While eating salty food, heartbeat and blood pres-

sure may increase during hypertension. Although some doctors/
duce the risk of hypertension. Most evidence does not support dif-

ferences between normotensive and hypertensive patients using
sodium chloride sensitivity. Examination of hypertension individu-

ally classified has failed to reveal variances of salt taste sensitivity

and intensity perception capacity of the body. In such cases, drug
treatment should be considered a salty taste.
Protein and Amino Acids

Protein is essential in a food product when switching from a veg-

etarian diet to a non-vegetarian diet. In a developed country, higher
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food demand for high-quality protein occurs to severe nutritional

3.

deficiency. A new meat-based diet is associated with high protein
and high fatty levels. As a protein diet, crucial amino acids are fre-

quently not synthesized by the human body. Some of the essential

4.

lead to pathologies mood disorders. Amino acids directly provide

5.

amino acids are closely related to mood disorders. An essential role
in brain functioning, the deficiency of protein and amino acids may

in a meal to increase the amount of tryptophan that reaches the
neurons, i.e., serotonin plays an imperative role in the brain area

that is accountable for emotional directive and sleep. Such changes

observed in brain function associate’s consecutive human behavior
due to increased serotonin production in the brain. Another critical factor, amino acid, includes tyrosine, a precursor of dopamine

6.

[60]. A critical study can contribute dopamine in a pleasure motiva-

tional experience that shows the ingestion of protein food products

to increase the level of tyrosine in blood [60]. Increasing the amino

acids in a nervous system seems greatly useful while determining

7.

the protein quality of different origins in a mixed diet.

Conclusion

The current literature suggests that an electronic nose can de-

8.

different aroma/odors by PCA and DFA methods (classification and

9.

tect contamination of dietary products (meat/foods/etc.) with
statistical analysis. The application of product contamination uses

identification). Several storage samples were identified by different stages considering odd and even days (i.e., 1 to 45 days). De-

termination of the nutritional (protein) state, diet manipulation is
a long-term process that may impact psychosocial human health
status in current and future generations. The particular ingredient

cannot take place with different nutritional needs. Such elements

may play an important role (smell and test). The literature illustrates that various applications can assist the dietary food market.
Hence the electronic nose having different application to monitor

quality control, process monitoring as well as the nutritional freshness of eatble food products to secure from olfactory disorder.
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