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Abstract 
Food processing sector occupies a unique position in Indian economy. With its significant contribution to the total output, value addition, employment generation, and in total exports, it accurately earned a title ‘sunrise sector.’ Yet, with structural constraints, food processing is still at nascent stage of development in India. This necessitates the assessment of Total Factor Productivity of Indian food processing industry to identify efficiency improvements. The study employed the data collected from Annual Survey of Industries reports for the period of 2008-09 to 2019-20 for various sub-sectors of food processing to assess the productivity growth rates. Analysis of output elasticities revealed that most of the sub-sectors were largely driven by capital expansion and further, results on TFP growth unveiled heterogeneity pattern of productivity gains. Macaroni processing units registered highest productivity improvement while dairy and oil sub-sectors registered negative productivity growth. This mixed productivity pattern highlighted the need for targeted policy intervention, technological upgradation and, skill enhancement to ensure the overall productivity of food processing sector.
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Introduction 
Food Processing Industry (FPI) has a unique place in the Indian economy, acting as a vital linkage between agriculture and industry. FPI, defined by FAO (1997) as a sub-set under the manufacturing industry, deals with the processing of raw materials and intermediate products derived from agriculture, dairy, animal husbandry, meat, poultry, or fishing in such a way that its original physical properties undergo a change and the transformed product has commercial value and is suitable for human and animal consumption (Ministry of Food Processing Industry (MoFPI), 2023). Beyond its role in value addition & food preservation, it has enormous potential for creating employment, reducing waste, increasing global trade, curbing migration and most significantly providing better price realisation to farmers, earning it a title of ‘sun rise sector.’  Food processing includes both value addition and manufacturing with a wide range of activities covering primary, secondary, and tertiary stages, ranging from basic cleaning, grading, and packaging of agricultural produce to the creation of high-value products such as bakery items, health drinks, and convenience foods (MoFPI, 2023)
India’s food processing sector is one of the largest in the world with its output growing at a compound annual growth rate of 15.2 per cent and is expected to reach $535 Bn by 2026. FPI holds a prominent position in the Indian manufacturing sector, contributing around 16 per cent of total number of factories, 14 per cent of total output and about 11 per cent of total manufacturing Gross Value Addition (GVA) (MoFPI, 2023). The sector also endowed with significant employment opportunities engaging over 2 million workers in the organized sector, with about 11 per cent of women workers and over 5 million in the unorganized sector (MoFPI, 2023). Further, the exports of processed food are increasing substantially, constituting over one-fourth of total agricultural exports during 2022-23. Between 2000 to 2023, the sector attracted total Foreign Direct Investment (FDI) of $12.35, constituting around 2 per cent of the total FDI equity inflow (Invest India, 2024). 
Despite these fascinating growth numbers, Indian food processing sector remains at nascent stage, processing only 10 per cent of total agricultural output (MoFPI, 2023) with around 75 per cent of the food processing industry in unorganized sector (Baliyan, 2015). Even though the processing level increased modestly in all food groups from 2015-16 to 2018-19 (Table 2), the post-harvest losses of major crops (Table 1) imply a greater scope to further strengthen the sector. Despite, being the world’s largest producer of most agricultural products, India’s share in global export of processed food products is merely 1.2 per cent (FICCI and BCG, 2022).
The juxtaposition of strong growth indicators with persistent structural constraints presents a question of whether the expansion of Indian FPI has been propelled primarily by input expansion or by genuine efficiency and productivity improvements. With this context, the present study attempted to evaluate the Total Factor Productivity (TFP) of Indian food processing sector.
Table 1: Post-harvest losses of major crops (%)
	Food group
	Loss (%)

	Cereals 
	3.89 -5.92

	Pulses 
	5.65 -6.74

	Fruits 
	6.70 -15.88

	Vegetables 
	4.87 – 11.61

	Milk 
	0.87

	Meat  
	2.34


(Source: MoFPI, 2023)
Table 2: Extent of processing level in different food groups (%)
	Food groups 
	2015-16
	2018-19

	Coarse cereals  
	28.6
	29.4

	Fruits 
	2.9
	4.5

	Vegetables 
	2.22
	2.70

	Milk 
	20.1
	21.1

	Fish
	8.3
	15.4

	Meat 
	22.7
	34.2


(Source: MoFPI, 2023)
Methodology
The study was based on the secondary data collected from the Annual Survey of Industries (ASI) conducted by National Statistical Office (NSO) under Ministry of Statistics and Programme Implementation. The data of various sub-sectors of FPI like meat, fish. fruits & vegetables, oil, dairy, grain, starch, bakery, sugar confectionary, other (includes spices & nuts processing units and units engaged in preparation of sambar powder, appalams, and papads etc.), and animal feeds was compiled from various ASI reports from 2008-09 to 2019-20.  
Total Factor Productivity (TFP) measures the efficiency with which inputs such as labour and capital are combined in the production process to generate output. It represents the portion of output growth that cannot be explained by the traditional input growth of labour and capital alone. It gauges the growth in output from the point of technological progress, management and organizational efficiency, Research and Development (R&D), economies of scale, infrastructure, institutional and regulatory environment, and others like competition and globalization. It is often considered a measure of technological progress, efficiency, and innovation.
In the current study TFP was calculated by employing a parametric approach using Cobb- Douglas production function (Swarnathilake et al., 2019). The mathematical formulation is given below,
·                              Y= A + βkK + βl L +ε
· Where, 
· Y = Output (Value of product and by-product)
· K= Capital (Sum of values of Interest paid, rent paid and depreciation)
· L= Total labour emgaged
· Βk & βl = Input elasticities 
· A= Total Factor Productivity (TFP) and
· ε = Error term 
While assessing the TFP, the values of output and capital are converted to real values by using GDP deflator with a base year of 2011-12. 
Results and discussion 
The structural composition of the Indian FPI during the triennium ending 2019 (Table 3) revealed a dominance of grain processing units, which accounted for more than half of the total registered units, followed by the “others” category (17.5%). In terms of GVA by the food processing sector, grains (16.3%) and the “others” category (17.0%) contributed the largest shares, followed by dairy that accounted about 13 per cent. Employment generation was also led by the “others” category (24.5%), followed by grain processing (14.2%) and sugar processing (12.5%) units. At the unit level, sugar processing was the most labour-intensive, employing on average 245.4 workers per unit, compared to 142.3 in fish and 137.0 in meat processing units. These findings suggested that India’s registered FPI was dominated by traditional sectors such as grain and sugar processing, while non-traditional segments like processed fruits and vegetables remained in the early stages of development.
Table 3: Structural composition of FPI in India (TE 2019)
	Sub-sectors
	No of Factories (%)
	GVA (%)
	Employment (%)
	Workers per unit (No)

	Meat 
	0.5
	1.7
	1.6
	137

	Fish 
	1.6
	4.6
	6
	142.3

	Fruits & Veg
	3.3
	4.3
	4.5
	53.6

	Oils
	7.7
	9.9
	6.1
	34.5

	Dairy
	5.5
	12.8
	11
	77.9

	Grains 
	50.2
	16.3
	14.2
	11.8

	Starch
	1.5
	1.8
	1.5
	37

	Bakery
	4.8
	7.1
	8.5
	71.4

	Sugar
	1.9
	13
	12.5
	245.4

	Cocoa
	1.8
	4.2
	3.
	67.5

	Macaroni
	0.4
	0.75
	0.8
	79.6

	Prepared meals
	0.9
	1.2
	1.7
	112

	Others 
	17.5
	17.00
	24.5
	53.3

	Animal feed
	2.7
	5.6
	4.2
	58.4

	Total FPI
	38449 (No)
	Rs. 4,50,279
	1323605 (No)
	40.42


(Source: Authors calculation from ASI reports)

Figure 1: Average annual growth rate of FPI 
(Source: Authors calculation from ASI reports)
The average annual growth rate of Indian food processing sector in terms of output, and inputs like capital and labour presented in Figure 1 revealed that the growth in output of FPI outweighed the combined average annual growth of both inputs. This growth in the output that cannot be explained by the growth in traditional inputs signifies the growth in Total Factor Productivity (TFP). 
The estimated output elasticities of capital and labour across sub-sectors of FPI are presented in Table 4. The output elasticity of capital was positive and highly significant in all sub-sectors. Further, in most sub-sectors, the elasticity of capital exceeded that of labour except in sugar processing units and the prepared meals segment, where labour contributed relatively more to the output. These findings suggest that growth in the Indian FPI was mainly fuelled by the capital accumulation. 
Table 4: Output elasticity of inputs across various sub-sectors of Indian FPI (2008-19)
	Sub sectors
	Output elasticity of capital
	Output elasticity of labour
	Adjusted R2
(%)

	Meat 
	0.907***
	0.739*
	97.63

	Fish 
	1.14***
	-0.111
	98.18

	Fruits & vegetables 
	1.142***
	0.325*
	98.53

	Oils 
	1.166***
	1.07*
	95.96

	Dairy 
	0.984***
	-0.236
	99.7

	Grains 
	1.054***
	-0.93
	97.37

	Starch 
	0.88***
	0.495*
	98.34

	Bakery 
	0.828***
	0.558**
	98.2

	Sugar 
	1.39***
	5.07**
	97.7

	Cocoa 
	0.75***
	0.52**
	97.2

	Macaroni 
	0.64***
	0.26**
	92.8

	Prepared meals 
	0.76**
	0.83*
	94.1

	Others 
	1.02***
	0.42*
	99.7

	Animal feed 
	0.69***
	0.66
	98.5

	Overall FPI
	0.88***
	1.41**
	99.6


(Note: *** = P-value <0.01, ** = P-value <0.05, *= P-value <0.10, 
Source: Authors calculation from ASI data) 
The TFP values of various sub-sectors of FPI during the period of 2008–2019 are presented in the appendix (Table A1). A TFP value greater than one indicates enhancement of productivity either through efficient management or by adopting improved technology. While TFP below one reflects inefficiency in terms of technology or/and operational efficiency, implying that any observed growth is largely input-driven.
TFP growth rate of Indian FPI given in Table 5 revealed a distant heterogeneity in productivity improvement across various sub-sectors under it. Macaroni sector registered highest productivity gains during the study period, as evident form its TFP growth rate of 4.11 per cent per annum followed by cocoa (2.87%), sugar (2.47%), and animal feed (2.28%) suggesting successful adoption of new technologies, better input utilization, or structural industry reforms in these sectors. While other sectors such as fruits & vegetables (1.44%), starch (2.24%), and fish (1.02%) showed moderate improvements in productivity. Bakery processing units recorded stable productivity implying no technical and/or managerial efficiency progress over the period during 2008-19. In contrast, dairy (-1.86) and meat (-0.09) entered negative TFP growth rate signalling technological regress and/or diminishing efficiency in input utilization (Singh, 2015). Negative TFP growth rate might reflect various challenges like supply chain bottlenecks, rising input costs, or limited modernization. 
Table 5: Compound Annual Growth Rate (CAGR) of TFP in Indian FPI during 2008-19
	Sub-sector of FPI
	TFP growth rate (%/year)

	Meat 
	-0.09

	Fish 
	1.02

	Fruits & vegetables 
	1.44

	Dairy 
	-1.86

	Oils 
	0.48

	Grains 
	0.55

	Starch 
	2.24

	Bakery 
	0

	Sugar 
	2.47

	Cocoa 
	2.87

	Macaroni 
	4.11

	Prepared meals
	1.07

	Others 
	0.67

	Animal feed
	2.28


(Source: Authors calculation from ASI data) 
Conclusion 
· The study highlighted that the Indian food processing industry, while being one of the largest and fastest-growing sectors, exhibited a paradox of rapid growth along with structural limitations. Traditional sub-sectors, such as grains, sugar, and starch processing was continued to dominate the industry in terms of number of units, output, and in employment creation. Further, it was observed that growth in most sub-sectors was primarily driven by capital expansion. The mixed productivity trends across sub-sectors indicated that while some sub-sectors were progressing rapidly by adopting improved technology or by efficient management, others were struggling to enhance their productivity. Overall, the results highlighted the need for targeted policy measures, technological upgradation, and skill development to enhance efficiency and to reduce reliance on input expansion, so that sector-wide efficiency improvements are ensured.
· Competing interest: Authors have declared that no competing interest exists 
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Appendix
Table A1: TFP value of various sub-sectors under Indian FPI 
	Year
	Meat
	Fish
	Fruits & vegetables
	Dairy
	Oils
	Grains
	Starch
	Bakery
	Sugar
	Cocoa
	Macaroni
	Prepared melas
	Others
	Animal feed

	2008
	1.01
	0.76
	1.06
	1.34
	0.93
	0.97
	0.94
	1.07
	0.78
	0.93
	0.70
	1.13
	0.92
	0.89

	2009
	1.06
	0.93
	1.04
	0.82
	0.98
	1.05
	1.02
	1.19
	1.10
	0.91
	1.02
	0.86
	1.07
	1.12

	2010
	0.93
	1.09
	1.07
	0.92
	1.01
	1.00
	1.08
	0.99
	1.13
	0.94
	1.73
	0.85
	0.95
	1.24

	2011
	0.85
	1.09
	0.86
	0.90
	1.04
	0.91
	1.09
	0.89
	0.98
	0.94
	0.90
	1.10
	1.05
	0.87

	2012
	0.92
	0.94
	0.96
	1.01
	1.00
	0.95
	0.89
	0.88
	1.09
	1.34
	0.69
	0.81
	1.03
	0.86

	2013
	1.49
	1.27
	1.05
	0.91
	1.06
	0.93
	0.95
	0.83
	0.95
	1.10
	1.13
	0.95
	0.96
	1.04

	2014
	0.96
	1.08
	0.82
	0.87
	1.04
	0.84
	0.99
	0.87
	0.99
	1.02
	1.16
	1.20
	0.98
	0.88

	2015
	1.07
	0.85
	0.97
	0.95
	1.02
	0.88
	1.03
	1.04
	0.90
	0.95
	0.99
	0.58
	0.97
	1.10

	2016
	0.930
	1.09
	0.99
	1.01
	1.06
	0.96
	0.79
	0.93
	1.04
	0.95
	0.97
	1.76
	0.96
	0.99

	2017
	0.86
	1.12
	0.90
	1.04
	0.92
	1.16
	0.98
	1.10
	0.91
	0.84
	0.88
	0.76
	1.01
	0.98

	2018
	0.99
	0.98
	1.05
	1.19
	0.93
	1.35
	1.05
	1.14
	1.11
	0.88
	1.03
	1.13
	1.04
	0.94

	2019
	1.00
	0.85
	1.24
	1.09
	0.98
	1.03
	1.20
	1.07
	1.02
	1.27
	1.09
	1.27
	0.99
	1.14


(Source: Authors calculation from ASI data)
Average annual growth rate of FPI 
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