





Kumar and Woodhead, 2002). An increased Table 1.
cost of raw materials and other production

) . . Particulars Expenditure Cost
inputs has rendered farming business less (year 2016)
competitive in the country and has put an| Ploughing $10.51 - 15.02
enormous strain on profits of manufactures _Seeds $30.05 - 36.06
which poses a great risk to the supply chain. If Labour - Sowing $7.51-1051
Spraying $45.08 - 60.11
find more ground to grow and unthinkable Picking)Harvesung (hand $90.11-97.68
situation might occur incoming years, most [ Chemical Fertilizer $75.14 - 105.19
likely as a direct result of economic downturn| Chemical Pesticides $75.14 - 90.17
and recession. Weeding $ 30.05 - 37.57
But if the younger generation equipped with|Irigation/drip $30.05 - 37.57
the latest technology decide to enter th Fuel and electricity costs $30.05 - 37.57

. . ) . : Market charges (per quintal) $ 30.05 - 37.57
farming field then this scenario might change.x;inisirative and field cos $7.51

With the support of young educated farmers (per farmer)

and right directional education, farming | Total $461.31 - 572.53
production and farming related business would _ _
become more profitable in less than a decade.Average yield 12 - 13 quintals

.In adqlltlon, thls. might help the food p_roductlon Gross income (rate: $ 65.04 pe| $ 780.48 - 845.52
in India to flourish and reach great height. quintal)
Thus, the current scenario in India is profitable[ Net Income $207.95 to 384.21
for Indian agricultural industry, local fruit and profit
vegetables growers due to dissemination 0fus Dollar Exchange rates against INR @xctober 2016, 1 US Dollar =

i i i i 66.5409 INR (Rupees).

mformatlog ?jnd tln(;:reasetlj _InVOIVeTefnt Of Source: Hindustan Times and Estimates Provided by Farmers of
young ana educated peopie In smart tarminQvanarashtra, calculation done by authors

program and this gives clear indication of the
start of a new trend aiunning an agricultural "€ gpove ta::?'i slhoyvs gheh rema;kabllce
business in the zl:bentury (Pen, 2010) expen itures which eliminated the pro it o

The most successful and influential companied@rmers where the cutting cost of labor and
in India, including Reliance and Tata, have ertilizers only work outo make a profit. Only
increasing productivitand reducing the cost of

local grower to find new value-added productsProduction would be beneficial for making

and niche markets through their websites and’'0fits and sustaining farm enterprises.
social media which provides technically Whereas in the prest time the new initiatives

sophisticated ~ business  sawvy  with anhave changed the face of agriculture, and

entrepreneurial approacimcluding use of wide

varieties of technology and information tools ! . . S -
from newspapers, radio and television, to thelnterfering role of intermediaries are eliminated

Internet, mobile technologieand social media. 2nd they are directly evking with farmers to
For illustration let us of take the farming find out better market and promote their

rofitability in India, in current year 2016- Products.
2017. ’ y Beside this, it gives a new identity to high-

guality food product through their responsible

The State-level BT Racillus thuringiensis :
Cotton Crop farming expenditure data estimates’umoIy chain management system. Supply
ain enables to control the flow of products

suggests that farmer has spent near about q inf on if v shared with .
per cent expenditures on fertilizers, pesticides?Nd Information it openly shared with a variety
and labor activity, and thetotal amount of net of parties including su_ppdrs of raw materials,

income eamned is between 30 to 60 percenfl@nufacturers, retailers. and ~ consumers.
during monsoon cropping season (Kharif According to Global Food Traceability Centre

season from July to October) (Table 1). (GFTC), 'supply chain is the system of
organizations, people, activities, information

and resources involved in producing and/or

popularity among farmers group India. The
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moving a food product to the consumer. Many
leading Indian companies like TCS (Tata
Consultancy Services), ITC (India Tobacco
Company), Reliance and Tech Mahindra are
actively involved in preparing the latest tools
and technology related to supply chain
management software to secure supply chain
tracking and traceability for food security.

C. Farmer trading gateway through direct and
stepwise process in India. Farmer is the main
driving force for both market and farm produce
as shown in the below figure 1 since they make
their earning by selling out their farm
production that majorly comes from farm field,
greenhouse or new designed polyhouse. In
India, most of the farm and greenhouse or
polyhouse are run by farming community. As
input (farm production), the farmer purchases
the materials like seed, fertilizer, pesticides
from the government recommended or private
supplier. As output (trading gateway) farmer
sells them out which helps to generate the cash
flow for farmer who in turn spends this cash
flow on seedling, fertilizers, and pesticides
during farm production. At the end, an earned
farm produce becomes cash generating
commodities when it enters into market
through complex process gateway basically
which is stepwise and direct process.

Stepwise process. In this process, the farmer
has to contact a particular authority either
government or private firm for selling out
earned farm produce. In this case farmer has
inverse relationship with trading actors like
manufacturer, exporter, distributor, retailer, and
consumer / end user. It means trading actors
and consumer are completely unaware about
the source and farmer, as well as intermediaries
and broker are the main dealer who mostly deal
with farmer or grower.

Direct process. In this process, the farmer has
to contact the various trading actors and are
self-responsible to find out the right market for
their produce. In this case, farmer develops the
direct relationship with the trading actors like
manufacturer, exporter, distributor, retailer, and
consumer/end user on base of behavior and
quality products. It means direct to consumer
market, and farmer can directly get connected
with trading actors and consumers without
intermediaries and broker.

<
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Figure 1. Farmer trading gateway through direct
and stepwise process in India

D. Go connected with technology in Indian
agro food sector: certification, product ID,
packaging and labelling. A long time ago, food
was produced traditionally and consumed
locally in own territory, and generally most of
the consumers were preferred to buy sustai-
nably-grown food products from local farmers
(Painter, 2007). There was no need for
packaging, and hence quality of food and risk
associated with regional foods always remain
entangled (AZEVEDO, 2015). With the rise
and success of barcode, the face of doing
businesses of new generation has changed and
it has led to reformation in information sector,
and unveiled many ways for retailers by
providing them mobile and ubiquitous business
(Milne, 2013). The understanding of modern
technologies such as the ICTs, IoTs, mobile
computing, customer relationship management
(CRM) software, Barcode, Biometric, RFID
(Radio Frequency Identification), and infrared
techniques have helped to develop smart
product packaging digitally and become global
(Dandage, Badia-Melis and Ruiz-Garcia,
2017).

According to Yadav et al. (2015), in India
contemporary food issues have increased from
biological and chemical contamination to the
use of technologies applied to modern agro-
food systems for processing and manu-
facturing. This has resulted into food shortage
and food safety issues, as well as affects
individual and society. These affected and
industrialized foods are checked and controlled
by regulatory body like FSSAI (Food Safety



and Standards Authority of India) and BIS
(Bureau of Indian Standards) where interaction
of standardized rules and procedures tightly
develop the security and help to produce more
safety food for the consumer and business. At
the same time, it gives a systematic approach to
perform advance product road-mapping and
support to solve the unpredictable activities in
India (Yadav et al., 2015).

Product ID, packaging and labelling for Indian
food products

According to Mintel Purchase Intelligence,
smart packaging gives vital or central impor-
tance to brand to gain an easy entry into
market, retail, or wholesale selling, that ulti-
mately facilitate trust in brand, and acceptance
in new categories (Mintel, 2017). In terms of
food, in India, many leading non-alcoholic
beverage industries like Dabur India, Red Bull,
Tetra Pak, Pearl Drinks Ltd, Bengal Beverages,
Jain Irrigation Systems, Coca-Cola India and
PepsiCo India are using the high tech aseptic
Packaging from Tetra Pak India, and readable
Labelling along with electronic barcode from
GS1 India to enlarge their presence, visibility
and interaction with consumers (TNN, 2017).
In India, compliance with FSSAI regulations is
the only way to sort out problems (food-related
public health risks) before they turn into se-
rious outbreak in terms of food safety, quality,
packaging and labelling. According to the GSI
India, an electronic barcode is the perfect
gateway to identify the product by using
tracing and tracking process and it has worked
well for point-of-sale systems. Today’s handy
mobile smart technology is able to access
readily, and create more awareness along with
transparency in consumer, and supply chain
sector. In the recent times, Hologram,
alphanumeric code, and GI (Geographical
Indication) tag are being used as product
identification and labelling that is printed on
packaged food stuff in Indian market as well as
international market (Dandage et al., 2017).
The labelling of food products also plays a
pivotal role for preventing illness caused by
spoiling food. There have been some new
initiatives in this area in the recent times that
has changed the way of doing business. A
graduate student of Brunel University, United
Kingdom, Solveiga Pakstaite, created a bio
reactive expiry label (gelatin based sticker)
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which is a one-touch system that alerts when
food decays, as a result label turns from smooth
(fresh) to bumpy (expired) unlike "Sell-By,
Best-Before" and “Use-By” dating systems
(Pakstaite, 2015). Similarly, researchers at the
University of Alberta are creating smart labels
for food packages that can detect harmful
microbes like E. coli and Salmonella that
causes food borne illness. It would be helpful
for consumers and food suppliers, as a result
the label would change its color when food
comes in contact with bacteria (Pratt, 2015).
Food safety system and quality certification
for Indian food products and food business

As the food world rapidly expanding, there is
an urgent need to innovate and change the
outdated methods by applying food safety
management plan. Food business needs to set
up the right protocols to meet all the require-
ments as per FSS (Food Safety and Standards)
Act, 2006. This would help business run on the
right track and there are more chances for it to
flourish rapidly. In addition, the food safety
management and quality control system help to
impose the strong preventive measures against
food frauds, brand damage, monetary losses,
and public health risk. The preventive controls
include food safety agencies, anti-fraud
regulations, and law enforcement agencies,
which works under FSSAI and BIS India. Both
have ongoing effort to secure the food supply
chain, and managing food safety risk.

In India, Specific controls and Management
System Standards in Food Safety involves
Indian standards/ International Organization for
Standardization) IS/ISO 22000: 2005 for Food
Safety Management Systems - Requirements
for any organization in the food chain, IS
15000: 2013 for Hazard Analysis and Critical
Control Point (HACCP)- Requirement for any
Organization in the Food Chain, IS/ISO 22005:
2007/ISO 22005: 2007 for Traceability in the
Feed and Food Chain - General Principles and
Basic Requirements for Systems Design and
Implementation, and IS/ISO 22006: 2009/ISO
22006: 2009 for Quality Management Systems
Guidelines for the Application of ISO 9001:
2008 to Crop Production (BIS, 2015). It
regulates manufacture, storage, distribution,
sale, and import of food to promote health and
safety of consumers. FSSAI authorities have
recently announced that e-tailers (local and



wholesale shops, e-commerce companies) also
require to obtain license/registrations under
FSSAI and comply with other relevant regula-
tions (Ministry of Health and Family Welfare
and Food Safety and Standards Authority of
India, 2016).

E. Cloud service and web API's maximizes
usefulness of Food Safety System Data in India.
In present days, the adoption of cloud
computing is more beneficial for the enterprises
that results in better interaction with customers,
scalability, immediacy, cost containment,
efficiency, and accessibility for the instance
and emerging market of business. According to
Gartner research report, the cloud based CRM
market expected to grow at higher CAGR
(compound annual growth rate) during forecast
period (between 2018 to 2020) in India. These
growing services would be helpful for small
and medium size enterprises (SMEs) and
government agencies where Infrastructure as a
Service (Iaas) is set at the top which captures
nearly half of the total cloud based market
which is estimated to reach USD 2.03 billion
by 2020 as compared to other services like
Software as a Service (Saas) which is around
USD 1 Billion, and Platform as a Service
(Paas) would reach about USD 0.29 billion
(Gartner, 2016). Amazon web services (AWS)
gives the precise definition of cloud computing,
it is the on-demand delivery of compute power,
database storage, applications, and other IT
resources through a cloud services platform via
the internet (Amazon, 2006). It is more bene-
ficial for the supply chain industry where
product can be tracked easily without worrying
about loss of product during transport, as well
as 1t can get more real-time accuracy and
traceability across the entire supply chain, and
cut down transactional cost.

In India, the world famous Indian IT
(Information Technology) companies such as
TCS, Infosys, Wipro, Tech Mahindra, Oracle
financial services, Mindtree, Mphasis, Rolta,
and Cyient etc., are playing a major role for
developing the supply chain of the country
more efficiently and effectively. Nevertheless,
cloud computing is still in its early stage, and
faces more challenges related to data security,
and lack of quality infrastructure across the
country (Ray and Lakshmana, 2017; TechSci
Research, 2015). Many new emerged cloud

36

based CRM services provider companies like
Tally Solutions, Protostar, WorkXmate, Busy
Infotech, Karyins India, Intuit Technologies,
Foradian, SAP India, Marg Compusoft, and
Ramco System are playing the lead role in
operating CRM market in India and are wor-
king in close collaboration with small scale
business at affordable rate. According to Gart-
ner report, most of the manufactures and produ-
cers have adopted this advanced technology to
scale up small business, with integrating food
safety management solution like cloud based
ERP (Enterprise resource Planning) system that
facilitates real-time control, electronic docu-
ment control, quality, and traceability, as well
as increase effectiveness with more customer
retention (Gartner, 2016; TechSci Research,
2015).

In today's competitive world and marketplaces,
the business enterprises have to go through
innovation, upgradation of technology, and
adoption of new technology; in order to
maximize their production, the firm needs to
start using cloud infrastructure coupled with
API's (Application programme Interfaces)
connectivity which gives a single unified
platform to rapidly expose enterprise data to
mobile devices, web apps and connected things
in secured control way, and simultaneously
contribute to the business growth (IBM, 2016).
As recently suggested by an international
analyst firm Gartner that web APIs are fast
innovative solutions which have digitally
transformed the activities of businesses to
respond rapidly and change their needs
accordingly (Gartner, 2014). Similarly, Boomi
(2015) reported that web APIs deliver the real
business value to the enterprise, reduce time-to-
market and resolve errors (Boomi, 2015).
Companies, employees and customers all
together interact with web APIs to provide
secure access to real-time data sharing
(Mulesoft, 2017). A web API has thus become
the digital gateway that connects different
category of devices and applications (Mobile
devices, cloud computing, Internet of Things,
big data and social networks), and helps to
connect sensors to internet and with each other.
A web API technology, which has made things
easy to deploy for enterprises and end users,
and hence API needs to be tracked and
managed (Gartner, 2014; Mulesoft, 2017).



MATERIALS AND METHODS

The web application generated to support the
traceability system has been developed
following methodological procedures

The view of the architecture

The web API facilitates seamless connectivity
and helps to deliver data by simply running
back and forth between applications, cloud
servers, databases, and devices which allows
computer to operate them.

User | Consumer API Management

‘Graphical User Interface

oft etc.
Back-End

Figure 2. Sequence architecture of an entire application
Source: Dell Boomi; 2015, IBM, 2016 and MuleSoft,
2017

The above Figure 2 shows the entire
application process is divided into two parts
which are Back-End and Front-End process. In
Back-End process application data is extracted
and processed through API like simple object
access protocol (SOAP) or representational
state transfer (REST) calls, whichever is
preferred by users, and delivers to graphical
user interface (Front-End) which allows users
to interact with web application or software.
This API gateway is managed and monitored
by API management service Platform like
IBM, MuleSoft and Dell Boomi. API gateway
receives request from Uniform Resource
Locator (URL) which wuses the hypertext
transfer protocol (HTTP) or hypertext transfer
protocol secure (HTTPS) as server for the
Front-end application. As the server connection
is established from the Front-End program the
API result is displayed on web page (Graphical
user interface) whenever user makes a certain
request thorough web browser to web server
application.

Methodological approach for the generation of
web-based traceability portal

Today most of the users are familiar with the
process of searching on web browser. On this
baseline, the web-based traceability portal
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would respond properly, the user requested
information is obtained through the creation of
collaborative environments for data processing,
archiving, and transmission, and creates front
end displayed is created in a web browser
which enables the retrieval of information
using the web. As shown in below figure 3,
User Devices, Graphical User Interface using
Dreamweaver software, API-single unified
platform helps to monitor and control to all
web APIs, and the data service providers (Web
Servers) all are the main actors which combi-
nable creates the online web-based traceability
portal. The web-based Traceability portal is
simply website, where hypertext markup
language (HTML) or Extensible markup
language (XML) and JavaScript are used to
write web pages using software tools like
Dreamweaver by Adobe. Users would access
this website with the help of available devices
like mobile, tablet, laptop, and personal
computer etc. through the web browser (like
Google Chrome, Fire fox, Internet Explorer).
Further, as can be seen in the figure, web
browser connects to web server through API
(single unified platform) and sends HTTP
request for the desired web pages, then web
server receives request and checks availability
for the desired web page, web browser again
receives the page back and the connection is
closed.

With the help of sign-up form, the user like
consumer, retailer, manufacturer, exporter,
food business entrepreneurs and other actors
would get registered to access the farmer’s
data. In user profile page, user would be able to
search local farmers using the drop-down menu
and quick filtering checkbox, for example, in
this case user selects a particular information
like soil health card holder (about soil
nutrients) in Jalgaon District. Then user
directly interacts with Soil health website to
access the soil nutrient database to find out if
any farmer from Jalgaon district is a soil health
card holder. If the page exists, the web server
sends it back and would display the list of all
farmers from Jalgaon district who are soil
health card holders on webpage of online web-
based traceability portal, and the same applies
to all websites. If the server cannot find the
requested page, it would send an HTTP 404
error message (404 means 'Page Not Found').
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Figure 3. Architecture of an entire application of farmer production traceability system
Source: Dell Boomi; 2015, IBM, 2016 and MuleSoft, 2017

Besides this, if the user needs an information
with respect to other variables like the proof of
national identification card from UIDAI
(Unique Identification Authority of India),
registered farm information from APEDA
(Agricultural and Processed Food Products
Export development Authority), GLN ( Global
Location Number) from GS1 India, Residual
analysis, it is a testing of produce from
NHRDF (National Horticulture Research and
Development Foundation) or InfoLNet (Indian
food laboratory network) and final grading and
quality certification from AGMARK, then in
such case online web based traceability portal
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interacts with web APIs that aggregates
information from all concerned websites (like
UIDAI, APEDA, GS1 India, Soil Health,
NHRDF or InfoLNet, and AGMARK as per
user’s request. Whereas through the web API
interfaces, online traceability portal gets
information from the server database of
websites over the internet to find soil health
card, GLN of field, farm registration
information and other variables, and the
concerned API then connects to particular
server database of websites. Then web server
gives response through API like SOAP or
REST calls to user request and delivers the



requested information right back to the online
web based traceability portal which is then
displayed to the user.

RESULTS FROM GRAPHICAL USER
INTERFACE (FRONT-END) PROGRAM

This below Figure 4 represents the home page
of the application (web-based traceability
portal) where user get registered with help of
»Join Free” registration form and access the
entire registry of farmers through this home

page.
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Figure 4. Home Page of the application

In this below Figure 5 Indoor Facilities has
presented for the registered user where user can
select the farmers from their neighborhood area
by clicking on particular area, easily find out
the information of the produces according to
their location.
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Figure 5. Indoor Facilities presented
after registering by User

In this below Figure 6, user would select the
particular choice of produces from their nearby
location using drop down menu and filtering
the database using check box options
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Figure 6. Using drop down menu and filtering the
database with Checkbox options

In this below Figure 7, user finds the list total
requested farmers, and in this farmers list, all
farmers are registered along with their
identification has been verified using secured
Aadhar web API techniques, so all the
information will be accessed to user only after
completing the authentication process.

Figure 7. List of farmers presented on table with Farmer
ID, Province, and Horticulture crop

In this below Figure 8, all the registered users
must have their own mobile number, so user
can easily receive one-time password securely
on their own devices. The user enters the one-
time password which has received on their
mobile phone, and then an authentication
server validates the logon request. It removes
the possibility of a user registering with fake
mobile number, this module checks the
existence of mobile number and the ability of
user to access the mobile number. This is the
very important process which has to complete
by all the users so by this process there is no
fake user will be entertained and cheated to the
farmers and neither be taken for granted and
disadvantages of farmers confidential registry
information.



Figure 8. Providing security for farmer’s data using One
Time Password (Authentication Page)

Once an authentication is done by user the next
page will appear to user which is final result
page, which can be seen in below figure 9,
where user finds farmers registry and know
everything about farmers and their produces
certification like Soil health card, Geographic
location number and residue analysis test
certificate.

The below (Figure 9) result page has been
divided into three sections including basic
information of farmers, traceability information
and farm location. With help of these
information the user can be easily developed
the contact with particular requested farmer by
all means like email, mobile number and postal
address. All the information like soil nutrients,
product laboratory testing report, quality and
grading certificates and the farm geographic
location number, have been obtained through
government web servers using web API
technique for the beneficial of farmers and
users like consumer, distributor, traders,
exporters, and manufacturers.

R

e @ vTal@ o6 e

Figure 9. Final Result page
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CONCLUSIONS

In today’s globalized world food safety has
become a major concern and this has increased
the importance of traceability, in particular
traceability of food products. Technologies
which help to develop traceability system,
especially in agri-food sector, has started
gaining popularity in this changed scenario.
Within this context, the present paper tried to
analyze the contribution of web services and
web API technology for the development of
web-based farmer production traceability
system (FPTS) for agricultural products in
India. This system would enable buyers and
sellers to use agro products which have
traceability code. Further, farmer’s production
traceability system would help companies to
improve the food safety management involving
self-monitoring, inspection and certification
and improve the process of fresh food products
supply chain and market penetration.

The government initiatives such as UIDAI,
APEDA, InfoLNet, Soil Health Card, GS1
India and AGMARK would facilitate the
Farmer’s products traceability system function
efficiently and enable the agro-food business to
better manage their risk by allowing them to
identify the perishable food products. Thus, the
web-based application of Farmer’s Traceability
System provides a platform to the farmers and
Agro-firms, manufactures, distributors and
consumers to connect with each other and lead
to greater transparency and efficiency. As
shown in the Figure 3, with the help of easily
available devices like smartphone, tablet and
laptop the users would be able to easily access
the cloud-based web portal which display
appropriate  information = and  available
certificates regarding farmer’s raw material and
its quality on the screens, it is easy to read and
understand even by those having no knowledge
of technology. This is done by means of web
APIs which displays the details about the
current data which is stored in the government
database (Web Server). With the help of
farmer’s traceability system would thus, help
the consumers get the complete history of the
purchase farmer product resulting into build up
trust between the consumers and the producers.



LIMITATIONS AND FUTURE
RECOMMENDATIONS

1. Still the government database is not readily
available for public, and it shows many errors
and dis matching with other old database

2. Web servers and Web API both modern
technological web development application,
which are useful and easy to communicate over
internet with seamless access, need to be
developed by government for their available
database

3. Web API is the best way for integration with
mobile or other website, where custom web
services should be provided by Indian public
and private IT service providers to the layman.
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