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ABSTRACT	

The	study	was	conducted	to	evaluate	the	effect	of	control	sample	(	unblanched)	spinach	leaves	and	hot	water	blanched	sample	
on	 shelf	 –life	 of	 spinach	 powder	 and	 to	 evaluate	 the	 effect	 of	water	 blanched	 treatments,	 chemical	 composition	 such	 as	
moisture	 content,	 fat	 content	 and	 ash	 content	were	 carried	 out.	 Sensory	 analysis	 of	 color	 and	 aroma	were	 carried	 out	
according	to	9	point	hedonic	scale.	To	evaluate	the	shelf	–	life	of	spinach	powder	packed	in	High	Density	Polyethylene	(HDPE),	
Low	Density	Polyethylene	(LDPE)	and	Poly	Propylene	(PP)	packaging	materials,	Total	plate	count	(TPC)	and	yeast	&	mould	
counts	were	carried	out.	The	results	showed	that	unblanched	sample	was	more	favorite	.PP	excelled	than	HDPE	and	LDPE	as	a	
packaging	material	to	store	spinach	powder	for	a	long	period	of	time.	According	to	sensory	score,	hot	water	blanched	sample	
was	more	favorite	by	the	panelist	than	unblanched	sample.			With	increase	in	storage	period	TPC	and	yeast	&	mould	increased	
but	hot	water	blanched	 sample	 showed	 less	growth	of	TPC	and	yeast	&	mould	when	 compared	 to	unblanched	 sample.	PP	
showed	less	microbial	count	than	the	HDPE	and	LDPE	,	so	it	is	most	suitable	for	spinach	powder	packaging	for	a	long	period	of	
time.	
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1.	INTRODUCTION	

Spinach	 is	one	of	 the	most	nutritious	and	healthy	greens	
among	all	 vegetables.	Though	 low	 in	 calories,	 it	 contains	
higher	 concentrations	 of	 minerals,	 vitamins	 and	 other	
phytonutrients	 (natural	 plant	 chemicals	 with	 human	
nutritional	 value).	 Recommended	 by	 nutritionists	 and	
dietitians,	 this	 food	 contains	 lower	 levels	 of	 cholesterol	
and	saturated	 fats	(Verma,	2001).	Any	kind	of	strain	on	
the	eyes	is	reduced	to	a	great	extent	and	the	eye	muscles	
are	 made	 stronger.	 The	 thickening	 and	 hardening	 of	
arteries	 is	 prevented	 due	 to	 substances	 like	 choline	 and	
inositol,	which	are	present	in	significant	amount	to	ensure	
the	blood	vessels	 remain	healthy.	 It	 has	been	 found	 that	
the	 presence	 of	 vitamins	 like	 A	 and	 C	 in	 spinach	 along	
with	other	important	nutrients	like	folic	acid,	magnesium,	
fiber	 and	 others	 help	 in	 the	 prevention	 of	 cancer,	
especially	 colon,	 lung	 and	 breast.	 In	 addition,	 folate	
present	 in	 spinach	 helps	 in	 promoting	 the	 health	 of	 the	
arteries	and	thus	promotes	the	cardiovascular	health	of	a	
person.	Spinach	has	numerous	health	benefits,	it	is	helpful	
for	 the	 prevention	 and	 treatment	 of	 anemia,	 tumors,	
constipation,	 obesity,	 nerve	 exhaustion,	 cancers,	
osteoporosis	and	other	ailments	of	kidney	and	liver.	Thus	
spinach	 is	 the	 natural	 healer	 and	 an	 invaluable	
vegetable.which	 must	 be	 included	 in	 everyone's	 diet	 to	
attain	 optimum	 health.	 However,	 one	 should	 try	 to	
consume	 this	 valuable	 vegetable	 in	 its	 raw	 form	 as	
cooking	lead	to	a	loss	of	some	vital	nutrients.	Spinach	also	
has	high	calcium	content	however,	the	oxalate	content	 in	
spinach	 also	 binds	 with	 calcium,	 decreasing	 its	
absorption.	 Calcium	 and	 zinc	 also	 limit	 iron	 absorption.	
The	 calcium	 in	 spinach	 is	 the	 least	 bioavailable	 calcium	
sources.	By	way	of	comparison,	the	body	can	absorb	about	
half	of	the	calcium	present	in	broccoli,	yet	only	5%	of	the	

calcium	 in	 spinach.	 In	 the	 process	 of	 drying	 or	
dehydration,	sufficient	moisture	 is	removed	and	thus	the	
product	is	ensured	against	spoilage.	Dehydration	process	
should	be	done	in	such	a	way	that	the	food	value,	natural	
flavor	 and	 characteristics	 cooking	 quality	 of	 the	 raw	
material	may	be	retained	after	dehydration.	Dehydrating	
the	 vegetables	 transform	 the	 perishable	 commodity	 into	
stable	 food	 with	 long	 shelf	 life	 and	 thereby	 aid	 in	 the	
global	 transportation	 and	 distribution	many	 varieties	 of	
vegetables	 even	 in	 off	 seasons.	 Dehydrated	 leaves	 of	
spinach	 with	 added	 nutrients	 can	 be	 made	 available	 to	
provide	daily	ration	of	vitamins	to	the	defense	personnel	
in	areas,	where	it	is	not	available.	

Packaging	 forms	 an	 integral	 part	 of	 the	 manufacturing	
process	providing	the	link	between	the	processor	and	the	
consumer.	 It	 plays	 a	 dominant	 role	 in	 the	 total	 food	
manufacturing	 activity	 and	 in	 the	marketing	 sector.	 The	
aim	of	food	packaging	is	to	protect	the	food	from	chemical	
and	 microbial	 contamination,	 water	 vapors,	 oxygen	 and	
light.	 This	 usage	 of	 package	 has	 an	 important	 role	 in	
determining	the	shelf	life	of	a	food.	Spinach	powder	has	to	
be	 packed	 in	 attractive	 packaging	 so	 as	 to	 give	 an	
impression	 of	 wholesomeness	 and	 freshness	 of	 the	
product,	 to	 increase	 sales	 appeal	 it	 should	 be	 hygienic.	
Packaging	is	essential	part	of	processing	and	distributing	
food.	It	may	be	emphasized	that	preservation	of	food	in	a	
safe	condition	is	the	major	role	of	packaging.	

2.	MATERIALS	AND	METHODS	

Fresh	spinach	leaves	were	procured	from	local	market	of	
Allahabad.	Spinach	should	be	free	from	debris	&	free	from	
defects.	Experiments	were	conducted	in	the	laboratory	of	
Food	Process	Engineering.	
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Fresh	 spinach	 leaves	 were	 selected	 and	 washed	
thoroughly	 under	 running	 water	 to	 remove	 soil	 and	
chemical	residues.	After	washing,	leaves	were	spread	over	
remove	 excess	 water,	 pieces	 were	 kept	 uniform	 in	 size	
and	 they	 were	 dried	 at	 the	 same	 rate	 .	 Samples	 were	
divided	 in	 2	 parts	 unblanched	 and	 blanched	with	 water	
and	 then	 the	 sample	 were	 kept	 in	 microwave	 oven	 to	
remove	 moisture	 from	 the	 sample	 and	 then	 grind	 the	
sample	 in	 the	 grinder	 and	 sieve	 through	 different	 mesh	
screens.	 The	 samples	 were	 packed	 in	 LDPE,HDPE,PPE	
respectively.	

2.1	 MOISTURE	 CONTENT	 OF	 SAMPLE	 DURING	
DEHYDRATION	

Moisture	 content	 of	 the	 sample	 during	 drying	 was	
computed	through	mass	balance.For	this	purpose,	weight	of	
the	sample	during	drying	was	recorded	at	every	one	and	half	
hour	 for	 first	 two	 hours	 and	 after	 that	 for	 one	 hour	 of	
interval	 and	 the	 following	 formula	was	 used	 to	 calculate	
moisture	content.	

2.1.1	 Determination	 of	 moisture	 content	 (BY	 AOAC	
2010)	

The	moisture	 content	 of	 the	 sample	 was	 determined	 by	
using	hot	air	oven	drying	method.	Weigh	5‐6	gm	powder	
in	 an	 aluminum	 dish	 using	 an	 electronic	 weighing	
machine.	Then	the	aluminum	dish	kept	in	the	hot	air	oven	
for	2	hrs	at	105°C.	After	this,	remove	it	from	hot	air	oven	
and	cooled	in	a	desiccators	and	then	weighed	again.	Loss	
of	 weight	 in	 percentage	 was	 moisture	 content.	 The	
moisture	 content	 of	 the	 sample	was	 computed	using	 the	
following	equation	

2.2	DETERMINATION	OF	ASH	CONTENT	

The	 ash	 of	 the	 food	 stuff	 is	 the	 inorganic	 residue	
remaining	after	the	organic	matter	has	been	burnt	away.	
When	a	high	ash	figures	found	it	suggests	the	presence	of	
an	adulterant,	 it	 is	often	advisable	 to	determine	 the	acid	
insoluble	ash	also.	

Procedure	

Weigh	S	 to	10	gm	of	 the	dried	 spinach	 sample	 into	 each	
dishes.	

Ignite	the	dish	and	the	contents	on	a	bouncen		

burner	ash	material	not	more	than	525°C	for	4	to	6	hours	
in	muffle	furnace.	

Cool	the	dish	and	weight.	

Difference	 in	weight	will	 give	 total	 ash	 content	and	each	
express	in	percentage	

2.3	DETERMINATION	OF	CRUDE	FAT	CONTENT	

Apparatus:	Soxhlet	Extractor		

The	extractor	consists	of:	

Extraction	flask	

Extractor	carrying	the	thimble	

Condenser	

Reagent	used	

Petroleum	ether	(boiling	point	40°C‐60°C)	

Procedure	

Firstly	 weigh	 empty	 round	 flask.	 Weigh	 10	 gm	 of	 dried	
spinach	 in	 a	 dry	 cellulose	 thimble,	 cover	 it	 with	 fat	 free	
cotton	 and	 keep	 into	 the	 Soxhlet	 assembly.	 The	 fat	
extraction	 was	 carried	 out	 with	 petroleum	 ether	 (40°C‐
60°C)	for	16	hours	or	more.	After	evaporating	the	solvent,	
kept	 flask	 into	 the	 hot	 air	 oven,	 cool	 into	 dessicator	 and	
weigh	again.	

2.4	MICROBIAL	ANALYSIS		

Microbial	analysis	was	to	determine	the	total	plate	count	&	
yeast	 and	 mould	 count	 of	 the	 samples	 on	 Nutrient	 Agar	
medium	 for	 bacterial	 count	 and	 Potato	 Dextrose	 Agar	
medium	 for	 yeast	 and	 mould	 count.	 The	 procedure	 was	
given	below.	

Preparation	of	Media	

The	composition	of	Media	was	as	follows:	

Potato	dextrose	agar	(PDA)	

Potato	 200	g	

Dextrose	 20	g	

Agar	 15	g	

Distilled	water	1000	ml	

PH	 5.6	

Nutrient	agar	media	(NA)	

Peptone	 5	g	

Agar‐	 15	g	

Beef	extract	1.5	g	

Yeast	extracts	1.5	g	

NaCl	 5	g	

Distilled	water	1000	ml	

PH	 7.6	

Sterilization	

All	the	necessary	glass‐wares	and	media	required					number	
of	petridishes,	NA	and	PDA	media.	9	ml	of	NSS	distribute	in	
7	 test	 tubes,	 microbial	 tips	 (1	 ml,	 0.5	 ml),	 spreader	 and	
media	 were	 to	 be	 heated	 for	 15	 min.	 in	 an	 autoclave	
maintain	at	15	psi	for	sterilization.	The	autoclave	was	then	
switch	off	and	the	steam	was	allow	to	escape.	

Pouring	

T.	 This	was	 in	 the	 laminar	 flow	 chamber,	 the	 flame	was	
lighted	 and	 petri	 dishes	 were	 slightly	 opened	 near	 and	
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flame	and	the	media	was	poured	 in	 the	petri	dishes.	The	
petri	 dishes	 with	 media	 then	 kept	 undistribute	 for	
solidification.	

Preparation	of	sample	(Serial	dilution)	

1	g	of	sample	was	transferred	to	the	test	tubes	with	9	ml	
of	NSS.	It	was	marked	as	10l,	and	others	as	10‐2,	10‐3,	10‐4,	
10‐5,	 and	 10‐6.	 The	 test	 tube	 containing	 sample	 was	
homogenized.	1	ml	of	sample	suspended	in	saline	solution	
from	 10‐1	 test	 tube	 was	 transferred	 to	 the	 test	 tube	
marked	 as	 10‐2with	 the	 help	 of	 micropipette	 and	
homogenize.	 1	 ml	 of	 sample	 from	 10‐2	 mark	 tube	 was	
transfer	 to	 10‐3	 with	 a	 sterilize	 1	 ml	 micropipette.	
Similarly	 the	 sample	 was	 transferred	 till	 the	 test	 tube	
marked	as	10‐2.	

Inoculation		

Inoculation	 was	 done	 in	 laminar	 air	 flow	 chamber	 by	
transferring	 the	 0.5	 gm	 sample	 to	 the	 sterilized	 petri	
dishes.	The	 saline	 solution	 from	10"'	was	 taken	with	 the	
help	of	micropipette	and	transferred	to	petri	dish	marked	
as	10‐1	of	NA	media.	The	microbial	tip	was	discarded	and	
another	sterilize	tip	was	used	to	transferred	sample	from	
10‐1	 saline	 solution	 to	 10‐1	 NA	 plates,	 Precaution	 was	
taken	 in	 inoculation	 that	 contamination	 should	 not	 take	
place.	 Similarly	 all	 the	 samples	 suspended	 in	 saline	
solution	were	transferred	to	the	respective	petri	dishes	of	
NA	media.	 For	 each	dilution	 two	 replicate	were	 taken.	A	
control	 of	 NA	 media	 was	 also	 kept	 without	 inoculation.	
The	 inoculate	 petri	 dishes	 were	 incubates	 in	 a	 B.O.D.	
incubator	 for	 48	 hours,	 where	 the	 temperature	 was	
maintained	at	37°C.	After	and	48	hours,	total	plate	count	
was	taken	for	NA	plates.	

3.		PACKAGING	AND	STORAGE	STUDIES	

Packaging	provides	a	physical	barrier	between	a	product	
and	 the	 external	 environment	 thereby	 ensuring	 hygiene	
and	 reducing	 the	 risk	 of	 product	 wastage	 due	 to	
contamination.	 Packaging	 prolongs	 the	 shelf	 life	 of	 the	
food.	 Packaging	 is	 also	 needed	 for	 safe	 and	 efficient	
transportation.	 Packaging	 is	 also	 used	 to	 provide	
customers	with	information	and	instructions	where	there	
are	legal	requirements.	

The	 Spinach	 Powder	 samples	were	 packed	 in	 packaging	
material	 viz.	 high	 density	 polyethylene	 (HDPE),	 low	
density	 polyethylene	 (LDPE)	 and	 poly	 propylene	 (PP)	
packaging	 material	 in	 room	 temperature	 after	
preparation	 and	 stored	 at	 room	 temperature	 away	 from	
direct	sunlight.	

Packaging	 material	 were	 sealed	 by	 hot	 sealing	 machine	
and	stored	at	ambient	temperature	for	further	studies	and	
to	 conduct	 various	 tests.	 The	 quality	 characteristics	
(physic‐chemical,	 sensory	 evaluation	 and	 microbial	
analysis)	were	evaluated	for	fresh	and	stored	samples.	

High	 Density	 Polyethylene	 (HDPE)	 is	 a	 thermoplastic	
which	 has	 density	 of	 .94‐.96	 g/cc.	 It	 is	 opaque	 in	
appearance.	It	has	cracking	sound	due	to	less	branching.	It	
acts	 as	 barrier	 for	water	 vapour	 gas.	Due	 to	 high	 tensile	
force	 its	 pulling	 activity	 is	 more	 and	 elongation	 is	 less.	
Aluminium	coated	HDPE	act	 as	 complete	barrier	 to	 light	
and	oxygen	(which	cause	fat	to	oxidize	or	become	rancid),	
odours	 and	 flavors,	 moisture	 and	 bacteria.	 It	 is	 used	 to	
make	 long	 life	 packs	 for	 food	 products	 without	
refrigeration.	 Low	 Density	 Polyethylene	 (LDPE)	 is	 a	
thermoplastic	 made	 from	 oil.	 It	 is	 the	 first	 grade	 of	
polythene,	 first	 produced	 in	 1993	 by	 Imperial	 Chemical	
Industries	 (ICI)	 using	 a	 high	 pressure	 process	 via	 free	
radical	polymerization.	LDPE	is	defined	by	a	density	range	
of	 .910‐.940	 g/Im?.	 It	 is	 translucent	 in	 appearance.	 It	 is	
unreactive	at	room	temperatures	except	strong	oxidizing	
agents	and	some	solvents	cause	swelling.	It	can	withstand	
temperature	 of	 80°C	 continuously	 and	 95°C	 for	 a	 short	
time.	Made	in	translucent	or	opaque	variations.	It	is	quite	
flexible	 and	 tough	 to	 the	 degree	 of	 being	 almost	
unbreakable.	 It	has	property	of	retention	of	antioxidants.	
It	has	influence	on	flavor	retention.	Since	its	molecules	are	
less	tightly	packed	and	less	crystalline	because	of	the	side	

branches.	 Its	density	 is	 lower.	Also	 its	 tensile	 strength	 is	
lower.	It	has	good	printability	and	is	good	scalable.	

	Polypropylene	 (PP),	 also	 known	 as	 polypropene,	 is	 a	
thermoplastic	 polymer	 that	 offers	 a	 combination	 	 	 of	
outstanding	 physical,	 chemical,	 mechanical,	 thermal	 and	
electrical	properties	not	found	in	any	other	thermoplastic.	
Compared	 to	 low	 or	 high	 density	 polyethylene,	 it	 has	 a	
lower	impact	strength,	but	superior	working	temperature	
and	 tensile	 strength.	 It	 is	 light	 in	 weight,	 resistant	 to	
staining,	and	has	a	low	moisture	absorption	rate.	This	is	a	
tough,	 heat‐resistant,	 semi‐rigid	 material,	 ideal	 for	 the	
transfer	 of	 hot	 liquids	 or	 gases.	 It	 is	 recommended	 for	
vacuum	 systems	 and	 where	 higher	 heats	 and	 pressures	
are	 encountered.	 Most	 commercial	 polypropylene	 is	
isotactic	 and	 has	 an	 intermediate	 level	 of	 crystallinity	
between	 that	 of	 low‐density	 polyethylene	 (LDPE)	 and	
high‐density	polyethylene	(HDPE).	On	 the	other	hand	PP	
has	 higher	 working	 temperatures	 and	 tensile	 strength	
than	polyethylene.	 Polypropylene	 has	 good	 resistance	 to	
fatigue.	

4.	RESULT	AND	DISCUSSION	

The	 Experiment	 was	 conducted	 to	 the	 effect	 of	
pretreatment	 and	 packaging	 materials	 on	 quality	 of	
Spinach	 Powder	 during	 storage.	 Dried	 spinach	 samples	
were	 ground	 to	 powder	 in	 domestic	 grinder.	 Spinach	
Powder	samples	were	packed	in	HDPE,	LDPE,	PP	bags	and	
stored	 at	 room	 temperature.	 Studies	 on	 quality	 were	
based	 on	 physiochemical	 characteristics	 (i.e.	 ,	 moisture	
content,	 ash	 content,	 fat	 content)	 and	 microbiological	
characteristics	 (	 Total	 plate	 count	 and	 yeast	 &	 mold),	
which	were	determined	for	fresh	and	stored	samples.	The	
storage	studies	were	conducted	at	the	interval	of	15	days	
up	to	60	days.	The	results	of	the	study	are	presented	and	
discussed	in	the	following	section.	

4.1	Preparation	of	Spinach	powder	

Spinach	 powder	 was	 prepared	 and	 packed	 in	 three	
different	 packaging	materials	 (HDPE,	 LDPE,	 and	PP)	 and	
stored	 for	 60	 days.	 During	 storage	 period	 different	
analyses	were	done.	

4.1	Initial	moisture	content	of	Spinach	leaves	
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The	 initial	 moisture	 content	 of	 the	 fresh	 Spinach	 leaves	
was	 found	 in	 the	 range	 of	91.2	 to	 92.5	 (%	w.b.)	 and	 the	
same	was	observed	throughout	the	study.	

4.2	Effect	of	pretreatment	and	packaging	materials	on	
physio‐chemical	properties	of			Spinach	powder:		

During	the	storage	period	(	0,	15,	30,	45	and	60	days	)	at	
ambient	 temperature	 the	 Physio‐chemical	 properties	 of	
packed	 spinach	 powder	 samples	 were	 evaluated	 for	
moisture	 content,	 ash	 content,	 fat	 content	 immediately	
after	 the	 preparation	 .	 The	 effect	 of	 water	 blanching	 on	
quality	 of	 spinach	 powder	 during	 storage	 at	 ambient	
temperature	 was	 also	 studied.	 Results	 are	 presented	 in	
the	following	sections.	

4.2.1	 Effect	 of	 packaging	 materials	 on	 moisture	
content	of	unblanched	spinach	powder:	

Table	 (4.1)	 shows	 the	 effect	 of	 different	 packaging	
materials	 and	 storage	 periods	 on	 moisture	 content	 of	
unblanched	 treatment	 samples	 at	 different	 intervals	
during	 storage.	 The	 moisture	 content	 was	 higher	 in	
samples	 LDPE	 than	 samples	 HDPE	 and	 PP.	 From	 the	
critical	evaluation	of	table	(	Table	4.1)	it	was	obvious	that	
there	 was	 a	 slight	 increase	 in	 moisture	 content	 with	
respect	 to	 increase	 in	 the	 time	 of	 storage	 period	 of	
unblanched	 treatment	 samples.	 This	 could	be	due	 to	 the	
entry	 of	 humid	 air	 into	 the	 packed	powder,	 though	 they	
were	packed	in	HDPE,	LDPE,	and	PP	sealing	procedure	to	
be	modified	to	prevent	the	entry	of	moisture.	 It	was	also	
observed	that	the	spinach	powder	packed	in	LDPE	gained	
maximum	moisture	content	due	to	lower	moisture	barrier	
capacity	 (	 6.37%	 )	 followed	by	HDPE	 (	 5.21%)	 and	PP	 (	
5.18%).Difference	was	significant	at	5%	level.	

Table	4.1	Effect	of	packaging	materials	on	moisture	
content	of	unblanched	spinach	powder	

Packaging	
materials		

0	days		

	

15	
days		

30	
days		

45	
days		

60	
days		

HDPE	 3.35	 4.12	 4.45	 4.83	 5.21	

LDPE	 3.35	 5.22	 5.56	 5.92	 6.37

PP	 3.35	 4.02	 4.32	 4.74	 5.18

F‐test		 NS	 S	 S S	 S

S.Ed.	(+‐)	 0.414	 0.090	 0.090	 0.041	 0.093

C.D.(	
P=0.05)	

0.978	 0.212	 0.212	 0.097	 0.219

	

	

	

Fig.4.1	Effect	of	packaging	materials	on	moisture	content	
of	unblanched	spinach	powder	

Effect	of	packaging	materials	on	moisture	content	of	
water	blanched	spinach	powder	

Table	 (4.2)	 shows	 the	 effect	 of	 different	 packaging	
materials	 and	 storage	 periods	 on	 moisture	 content	 of	
water	blanched	treatment	samples	at	different	 intervals	
during	 storage.	 The	 moisture	 content	 was	 higher	 in	
samples	 LDPE	 than	 samples	 HDPE	 and	 PP.	 From	 the	
critical	 evaluation	 of	 table	 (	 Table	 4.2	 )	 it	 was	 obvious	

that	there	was	a	slight	increase	in	moisture	content	with	
respect	 to	 increase	 in	 the	 of	 storage	 period	 of	 water	
blanched	 treatment	 samples.	 This	 could	 be	 due	 to	 the	
entry	of	humid	air	in	to	the	packed	powder,	though	they	
were	packed	in	HDPE,	LDPE	and	PP	sealing	procedure	to	
be	modified	to	prevent	the	entry	of	moisture.	It	was	also	
observed	 that	 the	 spinach	 powder	 packed	 in	 LDPE	
gained	 maximum	 moisture	 content	 due	 to	 lower	
moisture	 barrier	 capacity	 (5.02%)	 followed	 by	 HDPE	
(4.37%).Difference	was	significant	at	5%	level.	

Table	4.2:	Effect	of	packaging	materials	on	moisture	
content	of	water	blanched	spinach	powder	

Packaging	
materials	

0	
days	

15	
days		

30	
days	

45	
days		

60	
days	

HDPE 3.04 3.72	 3.94	 4.13 4.42

LDPE 3.04 4.46	 4.68	 4.81 5.02

PP 3.04 3.67	 3.88	 4.07 4.37

F‐test NS S	 S	 S S

S.Ed(+‐) 0.019 0.008	 0.009	 0.012 0.009

C.D.(P=0.05) 0.045 0.019	 0.022	 0.029 0.022

	

	

Fig.4.2:	Effect	of	packaging	materials	on	moisture	
content	of	water	blanched	spinach	powder	
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Effect	of	packaging	materials	on	fat	content	of	water	
blanched	spinach	powder	

Table	 (4.3)	 shows	 the	 effect	 of	 different	 packaging	
materials	 and	 storage	 periods	 on	 fat	 content	 of	
unblanched	 treatment	 samples	 at	 different	 intervals	
during	storage	.The	fat	content	was	higher	in	samples	PP	
than	 samples	 HDPE	 and	 LDPE.	 From	 the	 critical	
evaluation	of	table	(Table	4.3)	it	was	obvious	that	there	
was	 aslight	 decrease	 in	 fat	 content	 with	 respect	 to	
increase	 in	 the	 time	 of	 storage	 period	 of	 unblanched	
treatment	 samples,	 though	 they	 were	 packed	 in	
HDPE,LDPE	 and	 PP	 sealing	 packaging	materials.	 It	 was	
also	observed	 that	 the	 spinach	powder	packed	 in	LDPE	
had	minimum	fat	content	due	to	lower	moisture	barrier	
capacity	 (	1.54%)	 followed	by	HDPE	(1.72%)	 	and	PP	 (	
1.81%).	Difference	was	significant	at	5%	level.	

Table	4.3Effect	of	packaging	materials	on	fat	content	
of	water	blanched	spinach	powder	

Packaging	
materials	

0	
days	

15	
days	

30	
days	

45	
days	

60	
days	

HDPE	 2.42	 2.24	 2.1	 1.85	 1.72

LDPE	 2.42	 2.21	 2.06	 1.7	 1.54

PP	 2.42	 2.29	 2.21	 2.03	 1.81

F‐test	 NS	 S	 S	 S	 S

S.Ed.(+‐)	 0.172	 0.008	 0.021	 0.021	 0.008

C.D.(P=0.05)	 0.405	 0.019	 0.048	 0.048	 0.019

	

	

	

Fig.4.3Effect	of	packaging	materials	on	fat	content	of	
water	blanched	spinach	powder	

Effect	 of	 different	 packaging	materials	 and	 storage	
periods	on	fat	content	of	water	blanched	treatment	

Table	 (4.4)	 shows	 the	 effect	 of	 different	 packaging	
materials	 and	 storage	 periods	 on	 fat	 content	 of	 water	
blanched	treatment	samples	at	different	intervals	during	
storage.	The	 fat	 content	was	higher	 in	 samples	PP	 than	
samples	HDPE	and	LDPE.From	the	critical	evaluation	of	
table	(	Table	4.4)	 it	was	obvious	 that	there	was	a	slight	
decrease	 in	 fat	 content	 with	 respect	 to	 increase	 in	 the	

time	 of	 storage	 period	 of	 water	 blanched	 treatment	
samples,	 though	 they	were	 packed	 in	HDPE,	 LDPE,	 and	
PP	sealing	packaging	materials.	It	was	also	observed	that	
the	 spinach	 powder	 in	 LDPE	 had	minimum	 fat	 content	
due	 to	 lower	moisture	 barier	 capacity	 (1.4%)	 followed	
by	 HDPE	 (1.53%)	 and	 PP	 (1.78%)	 .	 Difference	 was	
significant	at	5%	level.	

Table	4.4:	Effect	of	packaging	materials	on	fat	
content	of	water	blanched	spinach	powder	

Packaging	
materials	

0	
days	

15	
days		

30	
days		

45	
days		

60	
days	

HDPE 2.28 2.12	 2.01	 1.74 1.53

LDPE 2.28 2.06	 1.85	 1.67 1.4

PP 2.28 2.18	 2.14	 2.02 1.78

F‐test NS S	 S	 S S

S.Ed.(+‐) 0.045 0.025	 0.064	 0.016 0.012

C.D.(P=0.05) 1.061 0.059	 0.150	 0.039 0.029

	

	

Fig.4.4:	Effect	of	packaging	materials	on	fat	content	of	
water	blanched	spinach	powder	

Effect	 of	 packaging	 materials	 on	 ash	 content	 of	
unblanched	spinach	powder	

Table	 (4.5)	 shows	 the	 effect	 of	 different	 packaging	
materials	 and	 storage	 periods	 on	 ash	 content	 of	
unblanched	 treatment	 samples	 at	 different	 intervals	
during	 storage.	 The	 ash	 content	was	 higher	 in	 samples	
PP	 than	 samples	 HDPE	 and	 LDPE	 .From	 the	 critical	
evaluation	of	table	(	Table	4.5)	it	was	obvious	that	there	
was	 a	 slight	 decrease	 in	 ash	 content	 with	 respect	 to	
increase	 in	 the	 time	 of	 storage	 	 period	 of	 unblanched	
treatment	 samples,	 though	 they	were	 packed	 in	 HDPE,	
LDPE	 and	 PP	 sealing	 packaging	 materials.	 It	 was	 also	
observed	 that	 the	 spinach	 powder	 packed	 in	 PP	 had	
maximum	ash	content	(20.15)	followed	by	HDPE	(20.02)	
and	LDPE	(19.61).	Difference	was	significant	at	5%	level.	

Table	4.5:	Effect	of	packaging	materials	on	ash	
content	of	unblanched	spinach	powder	

Packaging	
materials	

0	days 15	
days	

30	
days	

45	
days	

60	
days	
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HDPE	 20.81	 20.75	 20.62	 20.31	 20.02

LDPE	 20.81	 20.45	 20.21	 19.87	 19.61

PP	 20.81	 20.76	 20.65	 20.4	 20.15

F‐test	 NS	 S	 S	 S	 S

S.Ed.	 43.297	 0.024	 0.097	 	

C.D.(P=0.05)	 102.181	 0.056	 0.228	 0.303	 0.102

	

	

Fig.4.5	Effect	of	packaging	materials	on	ash	content	of	
water	blanched	spinach	powder	

Effect	 of	 different	 packaging	materials	 and	 storage	
periods	on	ash	content	of	water	blanched	treatment		

Table	 (4.6)	 shows	 the	 effect	 of	 different	 packaging	
materials	 and	 storage	 periods	 on	 ash	 content	 of	 water	
blanched	treatment	samples	at	different	intervals	during	
storage.	The	ash	content	was	higher	in	samples	PP	than	
samples	HDPE	and	LDPE.From	the	critical	evaluation	of	
table	 (Table	 4.6)	 it	was	 obvious	 that	 there	was	 a	 slight	
decrease	 in	 ash	 content	with	 respect	 to	 increase	 in	 the	
time	 of	 storage	 period	 of	 water	 blanched	 treatment	
samples,	 though	 they	were	 packed	 in	 HDPE,	 LDPE	 and	
PP	sealing	packaging	materials.	It	was	also	observed	that	
the	 spinach	 powder	 packed	 in	 PP	 had	 maximum	 ash	
content	 (18.05)	 followed	 by	 HDPE	 (17.94)	 and	 LDPE	
(17.82).	Difference	was	significant	at	5%	level.	

Table	4.6:	Effect	of	packaging	materials	on	ash	
content	of	water	blanched	spinach	powder	

Packaging	
materials		

0	
days	

15	
days	

30	
days	

45	
days	

60	
days	

HDPE	 18.77	 18.77	 18.64	 18.21	 17.94

LDPE	 18.77	 18.54	 18.41	 18.16	 17.82

PP	 18.77	 18.81	 18.67	 18.22	 18.05

F‐test	 NS	 S	 S S	 S

S.Ed.(+‐)		 0.469	 0.017	 0.014	 0.008	 0.021

C.D.(P=0.05)	 1.107	 0.040	 0.033	 0.019	 							
0.048	

						

	

	

Fig.4.6	 Effect	 of	 packaging	 materials	 on	 ash	 content	 of	
water	blanched	spinach	powder		

Sensory	Evaluation	

Sensory	 attributes	 were	 one	 of	 the	 most	 important	
attributes	of	foods	both	for	its	aesthetic	value	and	quality	
judgment,	 and	 it	 may	 easily	 change	 if	 not	 properly	
protected.	 The	 organoleptic	 characteristics	 of	 the	
dehydrated	 spinach	 which	 were	 packed	 in	 different	
packaging	 materials	 like	 HDPE,	 LDPE	 and	 PP	 were	
determined	 by	 9‐	 point	 hedonic	 scale	 method.	 Here	
colour,	aromas	were	taken	as	attributes.	

Effect	of	packaging	materials	on	color	of	unblanched	
spinach	powder	

Table	 (4.7)	 shows	 the	 effect	 of	 different	 packaging	
materials	 and	 storage	 periods	 on	 color	 of	 unblanched	
treatment	 samples	at	different	 intervals	during	storage.	
The	color	score	was	higher	 in	samples	PP	than	samples	
HDPE	 and	 LDPE.	 From	 the	 critical	 evaluation	 of	 table	
(Table	 4.70	 it	 was	 obvious	 that	 there	 was	 a	 slight	
decrease	in	color	with	respect	to	increase	in	the		time	of	
storage	period	of	unblanched	treatment	samples,	though	
they	 were	 packed	 in	 HDPE,	 LDPE	 and	 PP	 sealing	
packaging	 	 materials.	 The	 maximum	 sensory	 score	 for	
color	was	given	by	the	panelist	to	the	sample	packed	in	
PP	followed	by	HDPE	and	LDPE	

Table	4.7:	Effect	of	packaging	materials	on	colour	of	
unblanched	spinach	powder	

Packaging	
materials	

0	day 15	
day	

30	
day	

45	
day	

60	
day	

HDPE 6.71 6.22	 5.53	 5.26 5.12

LDPE 6.71 6.12	 5.35	 5.17 4.95

PP 6.71 6.32	 5.85	 5.44 5.22

F‐test NS S	 S	 S S

S.Ed.(±) 0.427 0.038	 0.015	 0.093 0.115

C.D.(P=0.05) 1.008 0.091	 0.038	 0.221 0.272
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Fig.4.7:	Effect	of	packaging	materials	on	colour	of	
unblanched	spinach	powder	

Effect	 of	 packaging	 materials	 on	 colour	 of	 water	
blanched	spinach	podwer	

Table(4.8)	 shows	 the	 effect	 of	 different	 packaging	
materials	and	storage	periods	on	color	of	water	blanched	
treatment		samples	at	different	intervals	during	storage.	
The	color	score	was	higher	 in	samples	PP	than	samples	
HDPE	 and	LDPE.	 From	 the	 critical	 evaluation	 of	 table	 (	
Table	4.8)	it	was	obvious	that	there	was	a	slight	decrease	
in	 color	with	 respect	 to	 increase	 in	 the	 time	 of	 storage	
period	 of	 sealing	 packaging	 materials.	 The	 maximum	
sensory	score	 for	color	was	given	by	the	panelist	to	the	
sample	packed	in	PP	followed	by	HDPE	and	LDPE.	

Table	4.8:	Effect	of	packaging	materials	on	color	of	
water	blanched	spinach	powder	

Packaging	
materials	

0	day		 15	
day	

30	
day	

45	
day	

60	
day	

HDPE	 7.22	 6.95	 6.35	 6.22	 5.53

LDPE	 7.22	 6.85	 6.26	 5.95	 5.44

PP	 7.22	 7.08	 6.53	 6.35	 5.85

F‐test	 NS	 S	 S S	 S

S.Ed.(±)	 0.431	 0.013	 0.016	 0.020	 0.012

C.D.9P=0.05)	 1.020	 0.032	 0.039	 0.047	 0,028

	

	

	

Fig.4.8Effect	of	packaging	materials	on	aroma	of	
unblanched	spinach	powder	

Effect	 of	 different	 packaging	materials	 and	 storage	
periods	on	aroma	of	unblanched	treatment	sasmple	

Table	 (4.9)	 shows	 the	 effect	 of	 different	 packaging	
materials	 and	 storage	 periods	 on	 aroma	 of	 unblanched	
treatment	 sasmple	at	different	 intervals	during	storage.	
The	aroma	score	was	higher	in	samples	PP	than	samples	
HDPE	 and	 LDPE.From	 the	 critical	 evaluation	 of	 table	
(Table	 4.11)	 it	 was	 obvious	 that	 there	 was	 a	 slight	
decrease	in	aroma	with	respect	to	increase	in	the	time	of	
storage	period	of	unblanched	treatment	samples,	though	
they	 were	 packed	 in	 HDPE,LDPE	 and	 PP	 sealing	
packaging	 materials.	 The	 maximum	 sensory	 score	 for	
aroma	was	given	by	the	panelist	to	the	sample	packed	in	
PP	followed	by	HDPE	and	LDPE.	

Table	4.9	Effect	of	packaging	materials	on	aroma	of	
unblanched	spinach	powder	

Packaging	
materials	

0	day 15	
day	

30	
day	

45	
day	

60	
day	

HDPE 6.74 6.54	 6.52	 6.33 6.27

LDPE 6.74 6.45	 6.45	 6.3 5.86

PP 6.74 6.63	 6.58	 6.46 6.36

F‐test NS S	 S	 S S

S.Ed.(±) 0.432 0.019	 0.009	 0.056 0.016

C.D.(P=0.05) 1.020 0.045	 0.022	 0.131 0.039

											

	

Fig.4.9	Effect	of	packaging	materials	on	aroma	of	
unblanched	spinach	powder	

Effect	 of	 packaging	 materials	 on	 aroma	 of	 water	
blanched	spinach	powder	

Table	 (4.10)	 shows	 the	 effect	 of	 different	 packaging	
materials	 and	 storage	 periods	 on	 aroma	 of	 water	
blanched	treatment	samples	at	different	intervals	during	
storage.	The	aroma	score	was	higher	in	samples	PP	than	
samples	HDPE	and	LDPE.	From	the	critical	evaluation	of	
table	(Table	4.12)	it	was	obvious	that	there	was	a	slight	
decrease	in	aroma	with	respect	to	increase	in	the	time	of	
storage	 period	 of	 water	 blanched	 treatment	 samples,	
though	they	were	packed	 in	HDPE,LDPE	and	PP	sealing	
packaging	 materials.	 The	 maximum	 sensory	 score	 for	
aroma	was	given	by	the	panelist	to	the	sample	packed	in	
PP	followed	by	HDPE	and	LDPE.	

Table	4.10	Effect	of	packaging	materials	on	aroma	of	
water	blanched	spinach	powder	
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Packaging	
materials	

0	day	 15	
day	

30	
day	

45	
day	

60	
day	

HDPE	 6.54	 6.36	 6.3	 6.13	 5.86

LDPE	 6.54	 6.33	 6.27	 5.96	 5.74

PP	 6.54	 6.45	 6.38	 6.27	 5.92

F‐test	 NS	 S	 S S	 S

S.Ed(±)	 0.086	 0.021	 0.017	 0.014	 0.012

C.D.(P=0.05)	 0.204	 0.048	 0.040	 0.033	 0.029

	

	

Fig	4.10Effect	of	packaging	materials	on	aroma	of	water	
blanched	spinach	powder	

Microbiological	Analysis	

Effect	 of	 packaging	 materials	 on	 total	 plate	 count	
(TPC)	of	unblanched	spinach	powder	

Table	 (4.11)	 shows	 the	 effect	 of	 different	 packaging	
materials	 and	 storage	 periods	 on	 total	 plate	 count	 of	
unblanched	 treatment	 samples	 at	 different	 intervals	
during	 storage.	 TPC	 was	 determined	 by	 serial	 dilution	
method	 and	 expressed	 in	 terms	 of	 lg	 cfu/g.	 It	 was	
observed	that	packed	dehydrated	spinach	samples	were	
evaluated	 for	 total	 plate	 count	 (	 TPC),	 counted	 as	 no	
colonies	were	detected	 in	 fresh	 condition	 as	well	 as	60	
days	 of	 ambient	 storage	 of	 unblanched	 treatment	
samples.	

The	total	plate	counts	were	higher	in	samples	LDPE	than	
samples	HDPE	and	PP,	because	the	LDPE	has	low	density	
than	 the	 HDPE	 and	 PP	 packaging	 materials.	 From	 the	
critical	 evaluation	 of	 table	 (	 Table	 4.15)	 it	was	 obvious	
that	there	was	a	slight	increase	in	total	plate	count	with	
respect	 to	 increase	 in	 the	 time	 of	 storage	 period	 of	
unblanched	 treatment	 samples,	 though	 they	 were	
packed	 in	 HDPE,LDPE	 and	 PP	 sealing	 packaging	
materials.	Difference	was	significant	at	5%	level.	

Table	4.11Effect	of	packaging	materials	on	total	
plate	count	(TPC)	of	unblanched	spinach	powder	

																																																																																																																																					

Packaging	
materials	

0	
days	

15	
days	

30	
days	

45	
days	

60	
days	

HDPE 0 21×	
10	

38×	
10		

60×	
10	

78	
×10	

LDPE 0 28×	
10	

46×	
10	

68	
×10	

85	
×10	

PP 0 16×	
10	

34	
×10	

55	
×10	

72	
×10	

F‐test ‐‐‐‐‐‐ S	 S	 S S

S.Ed. ‐‐‐‐‐‐ 0.408	 0.408	 0.816

C.D.(P=0.05) ‐‐‐‐‐‐ 0.963	 0.963	 1.927

	

	

Fig.	4.11Effect	of	packaging	materials	on	total	plate	
count	(TPC)	of	unblanched	spinach	powder	

Effect	 of	 packaging	 materials	 on	 total	 plate	 count	
(TPC)	of	water	blanched	spinach	powder	

Table	 (	 4.12)	 shows	 the	 effect	 of	 different	 packaging	
materials	 and	 storage	 periods	 on	 total	 plate	 count	 of	
water	blanched	treatment	samples	at	different	 intervals	
during	storage.	It	was	observed	that	packed	dehydrated	
spinach	 samples	were	 evaluated	 for	 total	 plate	 count	 (	
TPC)	 ,	 counted	 as	 no	 colonies	 were	 detected	 in	 fresh	
condition	as	well	as	60	days	of	ambient	storage	of	water	
blanched	treatment	samples.	

The	total	plate	counts	were	higher	in	samples	LDPE	than	
samples	HDPE	and	PP,	because	the	LDPE	has	low	density	
than	 the	 HDPE	 and	 PP	 packaging	 materials.From	 the	
critical	 evaluation	 of	 table	 (	 Table	 4.16)	 it	was	 obvious	
that	there	was	a	slight	increase	in	total	plate	count	with	
respect	to	increase	in	the	time	of	storage	period	of	water	
blanched	 treatment	 samples,	 though	 they	 were	 packed	
in	 HDPE,	 LDPE	 and	 PP	 sealing	 packaging	 materials	 .	
Difference	was	significant	at	5%	level.	

Table	4.12	:	Effect	of	packaging	materials	on	total	
plate	count	(TPC)	of	water	blanched	spinach	powder	

Packaging	
materials	

0	day 15	
days	

30	
days	

45	
day	

60	
day	

HDPE 0 8	×10	 14×	
10	

32	
×10		

42×	
10		

LDPE 0 11×	
10	

22×	
10	

38×	
10	

48	
×10	
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PP	 0	 6	×10	 7	×10	 27	
×10	

35	
×10	

F‐test	 ‐‐‐‐‐‐‐	 S	 S S	 S

S.Ed.(±)	 ‐‐‐‐‐‐‐	 0.236	 0.408	 0.850	 0.408

C.D.(P=0.05)	 ‐‐‐‐‐‐‐	 0.556	 0.963	 2.006	 0.963

	

	

Fig.412	:	Effect	of	packaging	materials	on	total	plate	
count	(TPC)	of	water	blanched	spinach	powder	

Effect	 of	 packaging	 materials	 on	 yeast	 and	 mould	
count	of	unblanched	spinach	powder	

Table	 (4.13)	 shows	 the	 effect	 of	 different	 packaging	
materials	 and	 storage	 periods	 on	 yeast	 and	 mould	 of	
unblanched	 treatment	 samples	 at	 different	 intervals	
during	 storage.	 Yeast	 and	 mould	 was	 determined	 by	
serial	 dilution	 method	 and	 expressed	 in	 terms	 of	 log	
cfu/g.It	 was	 observed	 that	 packed	 dehydrated	 spinach	
samples	were	evaluated	for	yeast	and	mould,	counted	as	
no	 colonies	were	detected	 in	 fresh	 condition	 as	well	 as	
60	 days	 of	 ambient	 storage	 of	 unblanched	 treatment	
samples.	

The	 yeast	 and	 mould	 counts	 were	 higher	 in	 samples	
LDPE	than	samples	HDPE	and	PP,	because	the	LDPE	has	
low	density	than	the	HDPE	and	PP	packaging	materials.	
From	 the	 critical	 evaluation	of	 table	 (	Table	4.17)	 it	ws	
obvious	 that	 there	 was	 a	 slight	 increase	 in	 yeast	 and	
mould	 with	 respect	 to	 increase	 in	 the	 time	 of	 storage	
period	 of	 unblanched	 treatment	 samples,	 though	 they	
were	 packed	 in	 HDPE,	 LDPE	 and	 PP	 sealing	 packaging	
materials.	Difference	was	significant	at	5%	level.	

Table	4.13:	Effect	of	packaging	materials	on	yeast	
and	mould	count	of	unblanched	spinach	powder	

																		
Packaging	
materials	

0	day	 15	
day		

30	
day		

45	
day		

60	
day	

HDPE	 0	 5	×10	 7×	10	 10	
×10	

13	
×10	

LDPE	 0	 6	×10	 9×	10	 12	
×10	

16	
×10	

PP	 0	 4	×10	 6	×10	 8×	10	 11	
×10	

F‐test ‐‐‐‐‐‐ S	 S	 S S

S.Ed.(±) ‐‐‐‐‐‐ 0.205	 0.294	 0.408 0.471

C.D.(P=0.05) ‐‐‐‐‐‐ 0.485	 0.695	 0.963 1.113

	

	

Fig.	4.13:	Effect	of	packaging	materials	on	yeast	and	
mould	count	of	unblanched	spinach	powder	

Effect	 of	 packaging	 materials	 on	 yeast	 and	 mould	
count	of	water	blanched	spinach	powder	

Table	 (4.14)	 shows	 the	 effect	 of	 different	 packaging	
materials	and	storage	periods	on	yeast	and	mould		count	
of	 water	 blanched	 treatment	 samples	 at	 different	
intervals	 during	 storage.	 It	 was	 observed	 that	 packed	
dehydrated	 spinach	 samples	 were	 evaluated	 for	 yeast	
and	 mould,	 counted	 as	 no	 colonies	 were	 detected	 in	
fresh	condition	as	well	as	60	days	of	ambient	storage	of	
water	blanched	treatment	samples.	

The	 yeast	 and	 mould	 counts	 were	 higher	 in	 samples	
LDPE	than	samples	HDPE	and	PP,	because	the	LDPE	has	
low	density	than	the	HDPE	and	PP	packaging	materials.	
From	the	critical	evaluation	of	table	(	Table	4.18)	it	was	
obvious	 that	 there	 was	 a	 slight	 increase	 in	 yeast	 and	
mould	 with	 respect	 to	 increase	 in	 the	 time	 of	 storage	
period	 of	 water	 blanched	 treatment	 samples,	 though	
they	 were	 packed	 in	 HDPE,	 LDPE	 and	 PP	 sealing	
packaging	 materials.	 Difference	 was	 significant	 at	 5%	
level.	

Table	4.14:	Effect	of	packaging	materials	on	yeast	
and	mould	count	of	water	blanched	spinach	powder	

	Packaging	
materials	

0	
day	

15	
day	

30	
day	

45	
day	

60	
day	

HDPE 0 3×	10	 5	×10		 8	×10	 11×	
10	

LDPE 0 4×	10	 6	×10		 9	×10 14	
×10	

PP 0 2	×10	 4	×10	 6	×10 10×	
10	

F‐test ‐‐‐‐‐ S S	 S S

S.Ed.(±) ‐‐‐‐‐ 0.294	 0.356	 0.432 0.566

C.D.(P=0.05) ‐‐‐‐‐ 0.695	 0.840	 1.020 1.335
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Fig	4.14:	Effect	of	packaging	materials	on	yeast	and	
mould	count	of	water	blanched	spinach	powder	

5.	SUMMARY	&	CONCLUSION		 	

The	 study	 was	 carried	 out	 to	 evaluate	 the	 effect	 of	
pretreatment	 and	 packaging	 materials	 on	 quality	 of	
spinach	 powder	 during	 storage.	 Chemical	 experiments	
consisted	 of	 moisture	 content,	 fat	 content	 and	 ash	
content	 .Sensory	 parameters	 taken	 into	 account	 of	
prepared	 unblanched	 and	 water	 blanched	 spinach	
powder	were		

On	 the	 basis	 of	 the	 study	 following	 results	 were	
summarized	below:	

SUMMARY	

Spinach	leaves	were	pretreated	as	unblanched	and	water	
blanched	 samples	 and	were	 subjected	 to	drying	 for	 the	
preparation	 of	 spinach	 powder	 and	 prepared	 powder	
was	 packed	 in	 different	 packaging	 materials	 (HDPE,	
LDPE	&	 PP)	 in	 order	 to	 evaluate	 quality	 attributes	 and	
shelf‐life.	

The	findings	are	summarized	below:	

1. The	 initial	 moisture	 content	 of	 the	 fresh	 spinach	
leaves	was	found	in	the	range	of	91.2	to	92.5%	wet	
basis.	

2. The	spinach	leaves	were	dried	for	the	preparation	of	
spinach	 powder,	 prepared	 powder	 was	 packed	 in	
HDPE,	LDPE	and	PP	for	60	days.	

3. The	 maximum	 moisture	 content	 was	 6.37%	 for	
unblanched	 spinach	 powder	 while	 minimum	 was	
found	4.37%	for	water	blanched	spinach	powder.	

4. The	fat	content	was	maximum	1.8%	for	unblanched	
spinach	 powder	 while	 it	 was	 minimum	 1.4%	 in	
water	blanched	spinach	powder.	

5. There	was	 slight	 decrease	 in	 ash	 content	 for	 	 both	
the	 unblanched	 	 and	 water	 blanched	 samples.	 The	
minimum	 ash	 17.82%	 was	 for	 water	 blanched	
sample	 while	 it	 was	 maximum	 20.15%	 in	
unblanched	spinach	powder.	

CONCLUSION	

From	 the	 study	 it	 was	 concluded	 that	 the	 moisture	
content	 of	 the	 spinach	 powder	 was	 affected	 	 by	
pretreatment	 and	 packaging	 materials.	 The	 fat	 content	
decreased	with	 increase	 in	 storage	 period	 for	 both	 the	
samples.	Ash	content	was	not	much	influenced	by	any	of	
the	treatment.	Microbial	count	increased		increased	with	
increase	in	time	(	days).	
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