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INTRODUCTION
The global food packaging market size was valued at USD 362.9 billion in
2022 and is expected to expand at a compound annual growth rate (CAGR)
of 5.7% from 2023 to 2030.
The changing eating habits and the quickening pace of life have impacted
the food packaging industry. 
Offers the benefit of stable shelf-life, and safety, which have boosted the
industry’s growth. 
 Moreover, the shrinking household size, rising disposable income, and the
increasing population are also expected to positively impact the food
packing market growth.

03https://www.grandviewresearch.com/industry-analysis/food-packaging-market/methodology
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Smart packaging which monitor enviromental conditions will benefit the future 
 generation.

https://www.marketsandmarkets.com/Market-Reports/edible-packaging-market-248057967.html
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Pectin based films with additives like bees wax, castor oil, and clove oil
were developed.
The experiment was done by 2^3 (two-level, three-factor) statistical design
of experiments.
Process Conditions:

                      
   

METHOD

pH:3
Relative humudity: 60%
Temperature: 40 C
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Table 1: According to 2^3 statistical analysis
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RESULTS
Thickness
W e  c a n  b e  c o n f i r m e d  f r o m  F i g u r e   t h a t  t h e
t h i c k n e s s  o f  t h e  f i l m s  w a s  i n  t h e  r a n g e  o f
0 . 1 2 ± 0 . 0 0 4  –  0 . 1 5 ± 0 . 0 0 4   m m .

Transparency
T h e  t r a n s p a r e n c y  p a r a m e t e r  Δ E  o f  t h e  f i l m s
w a s  o b s e r v e d  t o  b e  i n  t h e  r a n g e  o f  1 5 ± 2  t o
2 0 ± 2 .  T h e  Δ E  v a l u e s  l e s s  t h a n  5 0  u s u a l l y
r e f e r r e d  t o  a s  t r a n s p a r e n t  f i l m s .  T h e r e f o r e ,
t h e  b e e s  w a x ,  c a s t o r  o i l  a n d  c l o v e  o i l
i n t e g r a t e d  p e c t i n  f i l m s  d e v e l o p e d  i n  t h e
p r e s e n t  w o r k  a r e  t r a n s p a r e n t .
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RESULTS
Water Vapour Transmission
Rate (WVTR)
T h e  W V T R  v a l u e s  o f  i n t e g r a t e d  p e c t i n  f i l m s  a r e  i n  t h e  r a n g e  o f
1 0 1 7 . 1 2  g / m 2 / d a y  –  1 7 3 9 . 7 3  g / m 2 / d a y .  W h e r e a s  T h e  W V T R  o f
c o n t r o l  p e c t i n  i s  1 8 1 5 . 7 0  g / m 2 / d a y .
 
D e p i c t s  t h e  h y d r o p h o b i c  n a t u r e  o f  i n t e g r a t e d  c o m p o n e n t s ,
b e e s  w a x ,  c a s t o r  o i l ,  a n d  c l o v e  o i l  h a s  c o n t r i b u t e d  t o w a r d s  a
s i g n i f i c a n t  r e d u c t i o n  i n  W V T R  v a l u e .

Fourier Transform Infrared
Spectroscopy (FTIR)
T h e  F i g u r e  s h o w s  t h a t  a l l  t h e  f i l m s  a r e  o f  t h e  s a m e  n a t u r e
w i t h  o n l y  a  s l i g h t  d i f f e r e n c e  i n  t h e  i n t e n s i t y  o f  t r a n s m i t t a n c e .
I t  i s  a l s o  c l e a r  t h a t  n o  c h e m i c a l  t r a n s f o r m a t i o n s  h a p p e n e d
d u r i n g  t h e  f i l m  f o r m i n g  p r o c e s s  a n d  s o l v e n t  e v a p o r a t i o n .
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CONCLUSION
T H E  F I L M S  D E V E L O P E D  W E R E  T H I N ,  T R A N S P A R E N T  A N D  E A S I L Y
S O L U B L E  I N  W A T E R .  
T H E  F I L M S  S H O W E D  E X C E L L E N T  M O I S T U R E  B A R R I E R  P R O P E R T I E S
C O M P A R E D  T O  C O N T R O L  P E C T I N  F I L M S .
T H E  F I L M S  W E R E  A L S O  F O U N D  T O  B E  B I O D E G R A D A B L E .  
T H E  R E S U L T S  S U G G E S T  T H A T  P E C T I N - B A S E D  F I L M S  W I T H  B E E S
W A X ,  C A S T O R  O I L  A N D  C L O V E  O I L  H A V E  T H E  P O T E N T I A L  T O  B E
U S E D  A S  E D I B L E  P A C K A G I N G  M A T E R I A L S  W I T H  E N H A N C E D
M E C H A N I C A L ,  B A R R I E R ,  A N D  A N T I M I C R O B I A L  P R O P E R T I E S .  
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