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Abstract

Kinnaur’s apple is more than an agricultural
commodity as it is closely associated with the region’s
economy, livelihoods and geographical identity. Yet a
premium fresh-fruit system also generates fruit that falls
outside stringent market specifications while perishability,
price variability, transportation constraints and limited
diversification can restrict the value captured beyond the
orchard. This article explores a technology-oriented pathway
for moving Kinnaur’s apple economy from predominantly
commodity-based utilization towards a diversified value-
addition ecosystem. Rather than treating all C-grade fruit as
a single processing stream, it proposes quality-based
segregation in which sound but cosmetically imperfect
apples, juice-suitable fruit and edible processing residues are
directed towards appropriate applications. Advanced
dehydration techniques including freeze-drying, vacuum
drying and microwavevacuum drying offers potential for
developing shelf-stable premium products, while membrane-
based juice processing may provide alternative routes for
clarification and concentration. Apple pomace can further be
investigated for recovery of pectin, dietary fibre and phenolic-
rich fractions, creating opportunities for cascade utilization
of apple fruit. The article also considers cluster-based
processing, shared infrastructure, product standardization,
packaging and origin-based differentiation as complementary
elements of a viable value-addition model. Importantly, these
technologies are presented as potential pathways rather than
already-established solutions, with their
relevance depending upon the product quality, energy and
capital requirements, scale-up feasibility, safety, market
demand and economic viability. The central proposition is
therefore not to replace fresh-apple marketing or
conventional processing, but to create multiple scientifically
appropriate pathways through which more value can be
retained, created and potentially shared from every usable

apple.
Introduction: When a Premium Apple Faces a New Reality

universal or

For decades the apple has been much more than a
fruit in Kinnaur. It is closely associated with the region's
agricultural economy, rural livelihoods and identity. The

recognition of Kinnauri Apple as a Geographical Indication
(GI) adds another layer to this identity by formally linking the
product with its geographical origin. Yet geographical
identity alone cannot protect a fruit economy from changing
production and market conditions. Apple production in
mountain regions is increasingly influenced by climatic
variability, while the highly perishable nature of fresh fruit
makes post-harvest handling particularly important. At the
same time not, every apple harvested from an orchard can
enter the premium fresh-fruit market. Differences in size,
shape, colour, surface appearance and mechanical damage
create different grades and these grades do not necessarily
have the same market value. This creates an important
question for Kinnaur: Can the value of the apple be
increased after it leaves the orchard, rather than depending
predominantly on its fresh-market price?! The answer may
lie in connecting two transitions—value-chain upgrading and
food-technology upgrading.

From Raw Trading to Value-Chain Upgrading

Raw apple trading does not always allow growers to
capture the value created later in the chain particularly for
lower-grade fruit. In the conventional chain, growers may sell
to local wholesalers after which the fruit moves through
subsequent stages of segregation, processing and marketing.
The economic value created downstream can therefore be
substantially different from the price received at the initial
point of sale. This is not unique to Kinnaur. Across
agricultural value chains small producers often have limited
influence over downstream price formation while greater
differentiation occurs after processing, packaging, branding
and market access. The central challenge is therefore not
simply to produce more apples, but to increase the number
of economically viable routes through which apples can reach
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consumers. For Kinnaur, this means asking whether a
portion of fruit currently entering relatively low-value
channels could instead become a source of higher-value
foods and ingredients.

C-Grade Does Not Mean Processing-Grade in the Same
Way

The term Cgrade should not be interpreted as
meaning that all such fruit has identical quality or processing
potential. A fruit may fail premium fresh-market
specifications because of appearance while remaining
suitable for particular processing applications. Conversely
fruit affected by decay, severe mechanical injury or other
safety and quality problems should not automatically be
redirected into value-added products. This distinction is
crucial for a technology-driven processing model. Instead of
treating all lower-grade fruit as one bulk stream, Kinnaur
could adopt a quality-based sorting and processing system:

e Sound but cosmetically imperfect fruit — food
processing

e Fruit suitable for juice — juice/concentrate
processing

e Pomace and edible residues —

ingredient recovery

processing

e Spoiled or unsafe material — appropriate waste-
management or non-food pathways

Such segregation would make value addition more
scientifically and commercially defensible.

The Existing Processing Base: Progress, but Not the Final
Destination

Himachal Pradesh already has an established
institutional processing infrastructure. The Himachal
Pradesh Horticultural Produce Marketing and Processing
Corporation (HPMC) operates fruit-processing facilities,
including plants at Parwanoo and Jarol, while the Parala
facility has been developed with wine and pectin-processing
components. A reported improvement in the fresh apple-to-
concentrate conversion ratio at Parala from approximately 12
kg of apples per kg of concentrate to about 8 kg. This
improvement is significant because of processing efficiency

that directly affects the economics of a processing operation.
Better conversion means more concentrate can potentially be
obtained from a given quantity of raw material. However,
conventional processing also faces practical constraints. The
supplied  analysis  identifies outdated  machinery,
transportation delays associated with difficult terrain and
weaknesses in waste management, as challenges while earlier
audit findings reported measurable spoilage and financial
losses in fruit-processing operations. The lesson is not that
conventional processing has failed, rather it suggests that
processing capacity, efficiency, logistics and product
diversification which needs to be develop together.

Market Intervention: A Floor, Not a Complete Value-
Addition Strategy

The Market Intervention Scheme (MIS) provides
another dimension to the C-grade apple economy. The
procurement of C-grade apples through the scheme at a fixed
rate of ¥12/kg, subjected to favourable conditions, with
HPMC and HIMFED involved in procurement. The
economic significance of such system is different from that of
premium market pricing. Open-market prices can fluctuate
substantially. The supplied comparison reports an average
open-mandi price of approximately 73/kg, with a very broad
reported range, whereas MIS provides a much lower but fixed
procurement floor. Therefore, MIS should not be interpreted
as automatically replacing the open market. A grower may
prefer the mandi when market prices are favourable, while a
procurement floor can become more relevant when market
conditions deteriorate. This distinction leads to an important
proposition: Price support can reduce downside risk, but
technological value addition can potentially create additional
value beyond the farm-gate transaction itself. These two
approaches therefore addresses different problems.

Where Does the Value Go After the Orchard?

The difference between farm-level and downstream
prices illustrates the importance of value-chain structure. The
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supplied analysis cites a comparison in which premium-grade
apples were reportedly sold at around 60/kg in the
Himachal wholesale market while retail prices in Delhi
reached approximately ¥491/kg during the referenced
period. This does not mean that the entire difference
represents intermediary profit; transport, storage, grading,
wastage, packaging, taxation, retail margins and other costs
also contribute to the final price. Nevertheless, the large
difference demonstrates that substantial value can be created
and captured after the initial farm transaction. This is where
food technology becomes relevant. Therefore, instead of
asking only: How can we sell the apple? The more ambitious
question is: What products and ingredients can we make
from the apple and which of those products can command a
differentiated market?

Orchard Technology and Processing Technology Must
Move Together

Technological change is already occurring within
Kinnaur's orchards. The supplied analysis reports
substantially  higher productivity from high-density
plantations approximately 40-70 tonnes/ha compared with
about 7-10 tonnes/ha reported for traditional systems.
Higher productivity, does not automatically
guarantee higher farmer returns. If production increases
while post-harvest losses, price volatility and limited
processing options remain unresolved, the additional output
may not translate proportionally into economic benefit.

however

Therefore, Orchard intensification +  post-harvest
management + processing technology +  market
differentiation must be viewed as interconnected

components rather than independent interventions.

Beyond Juice: Reimagining C-Grade Apples Through
Advanced Dehydration

Juice and concentrate will remain important outlets
for processing-grade apples, but they need not be the only
destination for Kinnaur's lower-marketvalue fruit. Advanced
dehydration technologies offer an opportunity to convert
suitable apples into shelfstable, premium products while
reducing dependence on conventional liquid processing. The
choice of technology, however, should be based on product
quality requirements, processing cost, energy use and market
demand rather than on the assumption that one method is
universally superior. Among these technologies, freeze-
drying is particularly promising for premium apple slices. By
freezing the product and removing ice through sublimation
under reduced pressure, the process can produce a
lightweight, porous and crisp product with relatively limited
exposure to high temperatures. This can help preserve several
quality attributes and heatsensitive compounds when
appropriate processing conditions are used. However, it

would be scientifically inaccurate to claim that freeze-drying
retains all nutrients or vitamins; retention depends on the
fruit matrix, pre-treatment, processing conditions and
subsequent storage. The resulting crunchy apple slices could
therefore be positioned as a premium snack rather than
simply as conventional dried fruit.

Vacuum drying and microwave-vacuum drying
provide alternative approaches. Vacuum drying facilitates
moisture removal at reduced pressure and can limit the
thermal burden compared with atmospheric drying.
Microwave-vacuum drying combines reduced pressure with
volumetric microwave heating, potentially accelerating
moisture removal and producing a porous structure suitable
for crisp products. These technologies may offer advantages
in drying time, texture and selected quality attributes, but
their suitability depends on equipment
investment, process uniformity, energy requirements and
scale-up. For Kinnaur, therefore, the opportunity is not to
promote one “best” drying technology, but to establish a
technology-product-market match. High-quality slices may
be directed towards freeze-drying for premium markets, while
vacuum or microwave-vacuum systems could be evaluated
where faster processing or different cost-quality balances are
required. With appropriate food-grade packaging to protect
the dried product uptake,
dehydration could transform otherwise lowerwvalue but
usable apples into distinctive, lightweight and longer-lasting
products with potential for premium retail and speciality
markets. In this way, the technological shift is not simply
from fresh apple to dried apple, but from a highly perishable
commodity to a deliberately engineered food product.

commercial

from moisture advanced

Beyond Juice: Building a Technology-Driven Value Chain
for Kinnaur Apples

The opportunity for Kinnaur’s apple sector lies not
simply in processing more fruit, but in using different
fractions of the apple more efficiently and directing them
towards products for which they have the greatest practical
value. Juice and concentrate can remain important outlets for
processing-grade fruit, but suitable apples may also be
converted into premium dried products, while residues from
juice extraction can be further investigated as sources of food
ingredients.

From Whole Fruit to Multiple Value Streams

A technology-driven processing system could begin
with scientific sorting and quality classification, followed by
selection of the most appropriate processing route. Apples
suitable for premium dehydration could be converted into
dried slices or crisps through technologies such as freeze-
drying, vacuum drying or microwave-vacuum drying. These

AgriTech
= Today
V=

AgriTech Today Magazine: Volume 4, Issue 6 (September, 2026) 7


https://agritechpublication.com/

https:/ /agritechpublication.com

ISSN: 3049-3374

Article ID: ATT20260406002

methods differ in drying rate, energy requirement, product
structure and quality outcomes; therefore, the choice should
depend on the intended product, processing scale, cost and
market rather than on the assumption that advanced
technology is automatically superior. The liquid stream can
technologically ~ upgraded.  Microfiltration,
ultrafiltration, nanofiltration and reverse osmosis have been

also  be

investigated for fruitjuice clarification and concentration
and can, under suitable conditions, reduce thermal exposure
compared with conventional concentration. An integrated
sequence such as juice extraction — clarification —
membrane separation — concentration — standardisation
— appropriate packaging could create higher-quality liquid
ingredients for beverage and industrial applications.
However, membrane fouling, cleaning requirements, capital
investment and process optimisation remain important
constraints. The processing chain does not end when juice is
extracted. Apple pomace, containing varying proportions of
peel, pulp and other solids, can retain dietary fibre, pectin
and phenolic compounds. Its conversion into pectin, fibre-
rich powders or phenolicrich fractions could create
additional value from the same raw material. Such
applications should nevertheless be evaluated on the basis of
extraction efficiency, ingredient quality, safety, stability,
bioavailability and market demand. In particular, antioxidant
activity demonstrated in laboratory extracts should not
automatically be interpreted as a proven human health
benefit. This creates the basis for a cascade-utilisation model,
in which different fractions of the same apple are directed
towards different products rather than treating the fruit as a
single commodity or the pomace as an unavoidable waste
stream:

C-grade / lower-market-value apple

!

Scientific sorting and quality classification
l
Multiple processing pathways
— Advanced dehydration — premium dried products
— Juice processing — clarified juice / concentrate / liquid
ingredients
— Pomace recovery — pectin / dietary fibre / phenolic-rich
fractions

l

Quality standardisation + food-grade packaging

l

Differentiated Kinnaur-origin products

For Kinnaur, however, the technological model must
also reflect the realities of terrain, transportation, dispersed
production and investment requirements. A completely
decentralised system may find it difficult to justify expensive

equipment, while transporting highly perishable fruit over
long distances can increase logistical burdens. A cluster-based
model may therefore be more practical: sorting, grading,
washing, basic preparation and shortterm cold storage could
be located closer to production areas, while capital-intensive
operations such as freeze-drying, microwave-vacuum drying,
membrane processing, pectin recovery and
packaging could be organised through strategically located
shared facilities accessible to cooperatives, farmer-producer
organisations or local enterprises. Ultimately, the question is
not “Which is the most advanced technology!” but “Which
technology can generate the greatest sustainable value from a
particular apple stream at an economically and operationally
realistic scale?” A freeze-dryer may create a premium product
but requires substantial investment and energy; microwave-
vacuum drying may accelerate processing but requires
attention to uniformity and scale-up; membrane processing
can reduce thermal exposure but introduces fouling and
cleaning challenges; and pomace valorisation is meaningful
only when recovery costs and markets justify the process. The
future of Kinnaur’s apple sector, therefore, may lie in moving
from a single-product processing model towards a diversified
value-addition ecosystem—where the right fruit is matched
with the right technology, residues are considered potential
resources, and investment decisions are guided by both food
science and economics.

advanced

From Apple to Ecosystem: Diversifying Kinnaur’s Value

Chain

Kinnaur’s future need not be defined by a choice
between fresh-market apples and conventional processing. A
more resilient approach would be to develop a portfolio of
value-added products, in which suitable fruit and processing
fractions are matched with different technologies and
markets. Sound but cosmetically imperfect apples may be
considered for premium dehydration, juice streams for
clarification or concentration, and pomace for the recovery
of fibre, pectin or other potentially useful compounds. These
should be regarded as potential technological pathways,
rather than evidence that all such products are already
commercially established in Kinnaur. The GI identity of
Kinnauri Apple can further support product differentiation,
but geographical identity alone does not create market value.
Its practical significance would be stronger when combined
with traceability, quality control, food-safety compliance,
appropriate processing, packaging and credible market
positioning. In this context, a Kinnaur-origin processed
product could derive value not simply from its name, but
from a verifiable connection between origin, quality and
processing standards.
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POTENTIAL APPLICATIONS

Diversification may also contribute to post-harvest
resilience. Processing cannot remove the effects of climate
variability or guarantee farmer returns, but converting
suitable fruit into storable products and ingredients can
provide additional channels for utilisation beyond
immediate fresh-fruit marketing. Dehydration,
concentration and ingredient recovery can therefore form
part of a broader strategy for managing perishability and
market fluctuations. The longerterm objective should
consequently be a Kinnaur apple technology ecosystem
rather than a single processing solution: improved quality
management at the orchard, scientific sorting and traceability
at collection points, shared processing facilities at suitable
clusters, validated products and packaging, and differentiated
market channels. Such a system would not replace the
traditional fresh-apple trade; rather, it would allow fresh
markets, conventional processing and advanced value
addition to coexist, enabling different portions of the harvest
to be directed towards their most appropriate and
economically realistic uses.

Conclusion: From More Apples to More Value per Apple

Kinnaur's apple economy stands at an interesting
intersection of geography, agriculture, economics and food
technology. The region already possesses a valuable
geographical identity, established apple production and an
institutional processing base. At the same time, growers face
the realities of price variability, perishability, transportation
constraints and changing production conditions. The
economic analysis presented in this article shows why a
procurement floor such as MIS can have a role in reducing
downside risk, while also demonstrating the considerable
value created further along the chain. Food technology offers

another part of the answer. The opportunity is not to declare
juice obsolete or to assume that every apple should be freeze-
dried. Rather, it is to create multiple, scientifically
appropriate pathways for different fruit streams. A sound but
cosmetically imperfect apple could become a premium
dehydrated snack. A suitable juice stream could be clarified
or concentrated using advanced separation technologies.
Pomace could become a source of pectin, dietary fibre or
phenolicrich fractions. More sophisticated processing could
be combined with appropriate packaging, standardisation
and Kinnaur-origin branding. The most important shift is
therefore conceptual. The objective should not simply be to
produce more apples. It should be to capture more value
from every usable part of every apple. Kinnaur's next phase
of apple development may ultimately depend on bringing
together what happens before harvest, at harvest and after
harvest—orchard  technology, post-harvest  handling,
processing engineering, by-product utilisation, economics
and market strategy. The future of the Kinnaur apple may
therefore not lie in choosing between fresh fruit and
processed fruit, but in building a system where each has its
appropriate place—and where technology determines how
much value can be retained, created and shared along the
way.
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