
 

DECLARATION 
 

I, hereby declare that this thesis entitled “RETORT POUCH PACKAGING 

AND PULSED LIGHT TECHNOLOGY FOR PRESERVATION OF BANANA 

PSEUDOSTEM JUICE” is a bonafide record of research work done by me during the 

course of research and the thesis has not previously formed the basis for the award to me of 

any degree, diploma, associateship, fellowship or other similar title, of any other University 

or Society. 

 

 

 

 

Place: Tavanur 

Date: 

 

VISHNUPRIYA M 
 

(2021-18-012) 



 

CERTIFICATE 
 

Certified that this thesis entitled “RETORT POUCH PACKAGING AND 

PULSED LIGHT TECHNOLOGY FOR PRESERVATION OF BANANA 

PSEUDOSTEM JUICE” is a bonafide record of research work done independently 

by Ms. VISHNUPRIYA M (2021-18-012) under my guidance and supervision and 

that it has not previously formed the basis for the award of any degree, diploma, 

fellowship or associateship to her. 

 

 

 

 

 

 

Place: Tavanur 

Date: 

Dr. Sudheer K P 

(Major Advisor, Advisory Committee) 

Professor & Head, 

Department of Agricultural Engineering 

College of Agriculture, Vellanikkara 

Thrissur 



 

CERTIFICATE 

 
We, the undersigned members of the advisory committee of Ms. 

VISHNUPRIYA M (2021-18-012), a candidate for the degree of Master of 

Technology in Agricultural Engineering with major in Processing and Food 

Engineering, agree that the thesis entitled “RETORT POUCH PACKAGING AND 

PULSED LIGHT TECHNOLOGY FOR PRESERVATION OF BANANA 

PSEUDOSTEM JUICE” may be submitted by Ms. VISHNUPRIYA M (2021-18-

012), in partial fulfilment of the requirement for the degree. 

 

 

 
 

Dr. Sudheer K P 

(Chairman, Advisory Committee) 

Professor & Head, 

Department of Agricultural Engineering 

College of Agriculture, Vellanikkara, 

Thrissur 

Dr. Prince M.V 

(Member, Advisory Committee) 

Professor & Head 

Dept. of PFE 

KCAEFT, 

Tavanur 

 

 

 

Dr. Rajesh G.K 

(Member, Advisory Committee) 

Assistant Professor 

Dept. of PFE 

KCAEFT, 

Tavanur 

Dr. Suma Nair 

(Member, Advisory Committee) 

Assistant Professor (FMPE) 

ARS Mannuthy 

 

 

 

EXTERNAL EXAMINER 

 
Dr. Ravindra Naik 

Principal Scientist & Head 

ICAR-CIAE 

Coimbatore



 

ACKNOWLEDGEMENT 

 

It is a pleasure to glance back and recall the path of traverse during the days of 

hard work and perseverance. It is still great at this juncture to recall all the faces and 

spirits in the form of teachers, friends, and near and dear ones. I would consider this 

work nothing more than incomplete without attending to the task of acknowledging 

the overwhelming help I received during this endeavor. 

I want to give my first thanks to almighty God and my parents as, without their 

mercy, the accomplishment of my work and preparation of this manuscript would 

have not been possible. 

It is with great pleasure and reverence, that I convey my sincere gratitude to 

my chairman Dr. Sudheer K.P., Professor & ICAR National Fellow, Department of 

Agricultural Engineering, College of Agriculture, Thrissur for his constant 

encouragement, valuable advice, constructive criticisms, and support throughout this 

endeavor. 

With extreme pleasure, I express my heartfelt gratitude to Dr. Jayan P.R., The 

Dean, KCAEFT Tavanur for his support and guidance rendered during this study. 

I express my whole-hearted gratitude to Dr. Sathyan K.K., The former Dean, 

KCAEFT Tavanur for his advice and guidance during the course of the project work. 

I express my heartfelt gratitude to Dr. Prince M.V., Professor and Head, 

Department of Processing and Food Engineering, KCAEFT, Tavanur, Member of the 

advisory committee for his support, advice, and motivation throughout my research. 

I express my sincere gratitude to advisory committee member Dr. Rajesh G. K., 

Asst. Prof., Department of Processing and Food Engineering, KCAEFT, Tavanur for 

his timely advice, suggestions, support, and motivation which helped greatly in 

improving the quality of my work. 

I offer my special thanks to Dr. Suma Nair, Assistant Professor (FMPE), ARS 

Mannuthy for her constant support and guidance during my research work. 



 

I shall never forget the enormous and timely help rendered by Dr. Lakshmi E 

Jayachandran, Dr. Abdullah S and Dr. Afthab Saeed P P throughout my research. 

I express my profound sense of gratitude to Dr. Shahanas E, Er. Saranya S, 

Er. Albin K Joseph, Er. Ashwin Shivanandan, Er. Abishek S, Mr. Sreekesh, Mr. 

Jithin, Mr. Suhail, and Er. Anjali Balakrishnan staff members of the Department of 

Agricultural Engineering, College of Agriculture for their immense help. 

I  use  this  opportunity  to  sincerely  thank  my  dearest  M.Tech 

friends Nandhini S, Jahana Thasneem P, Navya K P, and Hyderali Shihabudheen 

U H  for their suggestions and invaluable help during my study. 

I express my thanks to all the faculty members of the library, KCAET, Tavanur 

for their ever-willing help and cooperation during the period of my research. I 

express my heartfelt thanks to Kerala Agricultural University for providing 

favourable circumstances for the study. 

I express my special thanks to Vrindha E R, and Rabeea Assinar K K for their 

support and help at all the stages of the research work. 

Above all, my success would have remained an illusion without the ambitious 

encouragement, unquantifiable love, continued calm endurance, constant support, 

and affection showered on me throughout the educational endeavor from my beloved 

parent Smt. Sindhu T M. Her blessings and love are the source of my spirit every 

moment. It is an immense pleasure to express my sincere gratitude to my dearest 

brother Praseed M for his help and support during my study. 

I am thankful to everyone who directly or indirectly helped me in doing this 

research. 

 

 

 
Vishnupriya M 



 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DEDICATED TO 

My Beloved Family, Teachers and Friends 



 

CONTENTS 

 
 

Chapter No. 

 

Title 

 

Page No. 

 
LIST OF TABLES i 

 
LIST OF FIGURES ii 

  

LIST OF PLATES 
iv 

 
SYMBOLS AND ABBREVIATIONS v 

I INTRODUCTION 1 

II REVIEW OF LITERATURE 6 

III MATERIALS AND METHODS 50 

IV RESULTS AND DISCUSSION 74 

V SUMMARY AND CONCLUSION 134 

VI REFERENCES 138 

 
APPENDICES 158 

 
ABSTRACT 199 



x  

LIST OF TABLES 
 

Table No. Title Page No. 

3.1 
Coded and un-coded values of independent variables in Box- 

Behnken design for PL treated BPS juice 
 

53 

3.2 Treatment combinations with the actual values of process 

variable for PL processing 
 

55 

3.3 Properties of retort pouch 59 

3.4 Coded and un-coded values of independent variables of retort 

processing BPS juice by the central composite design 

 
60 

3.5 Treatment combinations for BPS juice retort processing  
63 

4.1 Physico-chemical and microbial properties of freshly extracted 

BPS juice 

 
75 

4.2 Physico-chemical and microbial properties of ascorbic acid added 

BPS juice 

 
75 

4.3 Impact of retort processing conditions on the physico- chemical 

characteristic and microbial quality of BPS juice 
79 

4.4 Impact of PL processing conditions on the physico-chemical 

characteristic and microbial quality of BPS juice 
80 

4.5 Predicted and actual values of response at optimum 

conditions of retort processing 
101 

4.6 Predicted and actual values of response at optimum 

conditions of PL processing 
102 

4.7 
Impact of thermal and non-thermal treatment on bacterial count 

126 

4.8 
Impact of thermal and non-thermal treatment on yeast and 

mould count 
127 

4.9 
Impact of thermal and non-thermal treatment on E-coli count 

128 

4.10 
Mathematical model for first-order microbial kinetics in Retort-

processed and PL-processed BPS juice 
130 

4.11 
Mathematical model for first-order enzyme inactivation kinetics in 

Retort-processed and PL-processed BPS juice 
132 

 



xi  

 

LIST OF FIGURES 
 

Fig. No. Title Page 

No. 

2.1 Illustrates the schematic diagram of a PL system 24 

 

3.1 
 

Flow chart for the thermal processing of BPS juice in retort 

pouch 

 

62 

4.1 Impact of retort processing parameters on the pH of BPS juice 82 

4.2 Impact of PL processing parameters on the pH of BPS juice 82 

4.3 Impact of retort processing parameters on the TSS of BPS juice 83 

4.4 Impact of PL processing parameters on the TSS of BPS juice 83 

4.5 Impact of retort processing parameters on the titrable acidity of 

BPS juice 

84 

4.6 Impact of PL processing parameters on the titrable acidity of 

BPS juice 

84 

4.7 Impact of retort processing parameters on the carbohydrate 

content of BPS juice 

87 

4.8 Impact of PL processing parameters on the carbohydrate content 

of BPS juice 

87 

4.9 Impact of retort processing parameters on the vitamin C content 

of BPS juice 

89 

4.10 Impact of PL processing parameters on the vitamin C 

content of BPS juice 

89 

4.11 Impact of retort processing parameters on the turbidity of BPS 

juice 

96 

4.12 Impact of PL processing parameters on the turbidity of BPS 

juice 

96 



xii  

 

4.13 Impact of retort processing parameters on the colour of BPS 

juice 

 
97 

4.14 Impact of PL processing parameters on the colour of BPS 

juice 

 
97 

4.15 Impact of retort processing parameters on the bacterial 

log reduction of BPS juice 

 
103 

4.16 Impact of PL processing parameters on the bacterial log 

reduction of BPS juice 

 
103 

4.17 Impact of retort processing parameters on the yeast & mould 

log reduction of BPS juice 

 
104 

4.18 Impact of PL processing parameters on the yeast & mould 

log reduction of BPS juice 

 
104 

4.19 Impact of retort processing parameters on the E-coli log 

reduction of BPS juice 

105 

4.20 Impact of PL processing parameters on the E-coli log 

reduction of BPS juice 

105 

4.21 Impact of retort processing parameters on the enzyme 

activity (PPO & POD) of BPS juice 

106 

4.22 Impact of PL processing parameters on the enzyme activity 

(PPO) of BPS juice 

 

 107 

4.23 Impact of PL processing parameters on the enzyme activity 

(POD) of BPS juice 

 

 107 

4.24 Sensory analysis of optimised BPS juice 109 

4.25 Shear stress Vs shear rate plot of BPS juice 110 

4.26 Viscosity Vs shear rate plot of BPS juice 111 

4.27 Viscosity Vs temperature plot of BPS juice 111 

4.28 Impact of thermal and non- thermal treatments on pH 116 

4.29 Impact of thermal and non- thermal treatments on TSS 117 

 

 

 

 

 

 



xiii  

4.30 Impact of thermal and non- thermal treatments on titrable 

acidity 

 
117 

4.31 Impact of thermal and non- thermal treatments on 

carbohydrate 

 
118 

4.32 Impact of thermal and non- thermal treatments on vitamin C  
118 

4.33 Impact of thermal and non- thermal treatments on turbidity  
122 

4.34 Impact of thermal and non- thermal treatments on total 

colour change 

122 

4.35 Impact of thermal and non- thermal treatments on PPO 123 

4.36 Impact of thermal and non- thermal treatments on POD 123 



xiv  

LIST OF PLATES 

 
Plate No. Title Page No. 

3.1 Industrial mixer unit 51 

3.2 Manual hydraulic press 51 

3.3 Pulsed light system 61 

3.4 Stream air retort 61 



xv  

SYMBOLS AND ABBREVIATIONS 
 

 
 

% : Percentage 

& : And 

/ : Per 

< : Less than 

> : Greater than 

± : Plus or minus 

3D : 3 dimensional 

a* : Greenness or redness 

°Bx : Degree brix 

b* : Blueness or yellowness 

BPS : Banana Pseudostem 

°C : Degree Celsius 

CFU : Colony Forming Unit 

cm : Centimeter 

df : Degree of freedom 

DNA : Deoxyribo Nucleic Acid 

CV : Coefficient of variation 

et al. : And others 

etc : Et cetera 

F value : Fischer value 

Fig : Figure 

FAO : Food and Agriculture Organisation 

FDA : Food and Drug Administration 

FSSAI : Food Safety and Standards Authority of 

India 

g : Gram 

HACCP : Hazzard Analysis Critical Control Point 



xvi  

 

HIPL : High intensity pulsed light 

Hz : Hertz 

IPL : Intense pulsed light 

J : Joule 

kg : Kilogram 

L* : Lightness or darkness 

KCAEFT : Kelappaji College of Agricultural 

Engineering and Food Technology 

m : Meter 

m2 
: Square meter 

min : Minute 

mJ : Milli joule 

ml : Milli litre 

mm : Milli meter 

M : Molar 

P value : Probability value 

PL : Pulsed light 

PPO : Polyphenol oxidase 

POD : Peroxidase 

PUV : Pulsed ultra violet 

RH : Relative humidity 

s : Second 

TPC : Total Plate count 

TSS : Total soluble solid 

UV-C : Ultraviolet 


