
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



0 
 

 

  
 

 

 

 

 

 

 

 

Prediction of storage potential and 
firmness loss of ‘Hayward’ kiwifruit 

along the supply chains in India 

 

 

 

 

A thesis submitted in partial fulfilment of the requirements for the degree of 

Master of Food Technology 

 

 

Massey University, 

Albany Campus, New Zealand 

 

 

 

Sneha Prakash Bellavi Jayashiva 

February, 2012 



i 
 

ABSTRACT 

Introduction: The ‘Hayward’ kiwifruit (Actinidia deliciosa (A. Chev.) C.F. Liang and A.R. 

Ferguson) is one the most common commercial variety grown in New Zealand. The long 

shelf-life of the ‘Hayward’ kiwifruit along with its inherent properties such as flavour, 

colour, texture and high content of vitamin C has allowed the development of New Zealand 

kiwifruit exports. However, the quality of the fruit can be affected by factors such as storage 

time and temperature along the supply chains to different markets. Temperature is one the 

major environmental factors influencing the quality and flesh firmness of the ‘Hayward’ 

kiwifruit. The softening of kiwifruit can be affected by increase in the environmental 

temperatures, leading to the deterioration of fruit quality. The aim of this study was to 

investigate changes in physiochemical parameters of kiwifruit along the supply chains to 

Indian markets, as well as development of predictive mathematical models for the loss of 

flesh firmness and storage potential of ‘Hayward’ kiwifruit along these supply chains. 

Materials and Methods: The ‘Hayward’ kiwifruit grown in the regions of Bay of Plenty, 

New Zealand, were selected for this study. Three supply chains were identified through 

three local kiwifruit distributors based in India. Eighteen kiwifruit trays (six trays, each from 

three different grower lines) were selected for analysis along each supply chain. At each 

analysis point along the three supply chains, the ‘On arrival’ and ‘At departure’ quality of 

twenty fruits were analysed for flesh firmness (kgf), soluble solids content (%Brix) and core 

temperatures (°C). The flesh firmness of the fruit was measured using a penetrometer and 

the soluble solids content was measured using a refractometer. The core temperature of the 

fruit was determined using a core thermometer. The environmental temperature during 

storage and transportation along the supply chains were recorded using data loggers. Three 

fruit firmness loss models: Simple Exponential, Boltzmann and Inverse Exponential 

Polynomial were used to characterise the flesh firmness data collected along each supply 

chain. The Akaike Information Criteria (AIC) test was used to determine the most suitable 

model that characterised the flesh firmness loss along these supply chains. Three storage 

potential models: Reciprocal, Power and Reciprocal Quadratic, were fitted to the flesh 

firmness and core temperature data collected along each supply chain. The best model to 

predict the storage potential of kiwifruit was also determined by the AIC test.  
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Results: The flesh firmness decreased significantly (P<0.05) in all the grower lines along 

the three supply chains. The flesh firmness of kiwifruit decreased to the average level of 

commercial acceptability (1 kgf) within six to eight days of storage and transportation and 

further reductions were observed along the supply chains. The soluble solids content 

increased significantly (P<0.05) in kiwifruit belonging to the different grower lines with the 

variation in storage and transportation temperatures along the three supply chains. The 

Simple Exponential model best characterised the firmness data collected along Supply 

Chains 1 and 3, and the Boltzmann model was the second best model that characterised the 

firmness loss followed by the Inverse Exponential Polynomial model. Changes in the flesh 

firmness of the fruit along Supply Chain 2 were best characterised by the Boltzmann model 

followed by the Inverse Exponential Polynomial and Simple Exponential models. Among 

the three storage potential models, the Reciprocal model best fitted the data on flesh 

firmness and core temperature, collected in this study. The Power model was the second best 

storage potential model that characterised the data collected along the three supply chains. 

The Reciprocal Quadratic model was the least suitable model that characterised the flesh 

firmness and core temperature data in this study. 

Conclusion: The flesh firmness and the soluble solids content of ‘Hayward’ kiwifruit were 

affected by temperature variations during storage and transportation along the three supply 

chains in India. The Simple Exponential model best characterised the flesh firmness data 

collected along Supply Chains 1 and 3 while the Boltzmann model best characterised the 

firmness data along Supply Chain 2. The Reciprocal model was the best model to 

characterise the flesh firmness and core temperature data in this study. The developed 

storage potential models can be used to determine the shelf-life of kiwifruit along similar 

supply chains to other markets.  
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