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ABSTRACT	

Vinegar	fermentation	was	essentially	a	two‐step	process	comprising	the	anaerobic	conversion	of	sugars	to	ethanol	(C2H5OH)	
and	the	aerobic	oxidation	of	ethanol	to	acetic	acid	(CH3CO2H).	It	was	to	be	found	that	vinegar	could	be	successfully	produced	
from	the	juice	extracted	from	banana	peel	and	coconut	water	using	yeast	and	Acetobacter.	Banana	peel	and	coconut	water	
was	a	suitable	raw	material	for	ethanol	production	by	fermentation	and	for	vinegar	production	by	this	ethanol.	

The	 present	 study	 indicates	 that	 a	 relatively	 good	 yield	 of	 ethanol	and	 acetic	 acid	 can	 be	 obtained	 after	 optimization	 of	
conditions	for	fermentation.	For	Banana	peel	Alcohol,	the	highest	alcohol	level	was	7.77%	at	10%	sugar	level,	8%	yeast	cell	
concentration	for	48	hrs.	at	28ºC.	For	Banana	peel	Vinegar,	the	maximum	acidity	was	obtained	4.67	%	at	7.77%	of	alcohol	
level,	 15%	 of	A.	 aceti	 cell	 concentration	 for	 12	week	 at	 37	 ºC.For	 coconut	water,	 the	 highest	 alcohol	 level	was	 5.60%	 at	
12%sugar	level,	10%yeast	cell	concentration	for	48hrs.at	28ºC.For	coconut	water	vinegar,	the	maximum	acidity	was	obtained	
6.00%	 at	 5.60%	 of	 alcohol	 level,15%of	 A.aceticell	 concentration	 for	 12	 week	 at	 37ºC.chemical	 analysis	 	 pH,titrable	
acidity,protein,ash,phosphorus,mallic	 acid(2.50,0.28,19.63,2.53)for	 coconut	 water	 vinegar	 and	 for	 banana	 peel	
vinegar(2.98.0.093,9.75,0.60)	 respectively	 on	 the	 basis	 of	 overall	 sensory	 attributes,	 colour	 of	 sample	 100:15%	 has	 better	
appearance	 as	 compare	 to	 100:10%	 and	 100:5%.	 Flavor,	 Aroma,	 Taste,	 After	 Taste	 and	 Overall	 Acceptability	 of	 sample	
100:15%	has	got	higher	score	than	sample	100:5%	and	100:10%	because	of	dark	yellow	color	of	coconut	water	vinegar	and	
brown	 colour	of	 banana	peel	 vinegar.	After	 chemical	analysis	 it	was	 found	 that	 sample	100:15%	had	high	percentage	 of	
protein	 and	 other	 nutrients	 it	 was	 concluded	 that	 banana	 peel	 and	 coconut	 water	 alcohol	 with	 5%,10%,15%	 A.Aceti		
inoculates	were	used	for	the	production	of	vinegar	without	adversely	affecting	quality	attributes.	

Keywords:	Fermentation,	Ethanol,	vinegar,	Acetobacter	aceti,	quality	evaluation,	waste	utilization	

1. INTRODUCTION	

Vinegar	 was	 known	 worldwide	 as	 a	 seasoning	 or	 food	
preserving	 agent.	Vinegar	 is	 defined	as	 “	 a	 liquid	 fit	 for	
human	 consumption,	 produced	 from	 a	 suitable	 raw	
material	of	agricultural	origin,	containing	starch,	sugars,	
or	 starch	 and	 sugars	 by	 the	 process	 of	 double	
fermentation,	 alcoholic	 and	 acetous,	 and	 contains	 a	
specified	amount	of	acetic	acid”	 (Joint	FAO/	WHO	Food	
Standards	 Programme,	 1987).	 Vinegar,	 a	 traditional	
acidic	 condiment,	 is	 widely	 produced	 from	 rice,	 malt,	
apples,	 wine	 and	 various	 other	 agricultural	 material	
(Ciani,	1998;	Horiuchi	et.	al.,	1999).	Vinegar	production	
ranges	 from	 traditional	methods	 employing	woodcasks	
and	 surface	 culture	 to	 submerged	 fermentation	 in	
acetators	 (Morales	 et	 al	 2001).Vinegar	 fermentation	 is	
essentially	 a	 two	 stage	 process,	 being	 the	 first	 one	 the	
anaerobic	 conversion	 of	 fermentable	 sugars	 to	 ethanol	
by	 yeasts,	 usually	 Saccharomyces	 species,	 and	 the	
second	the	aerobic	oxidation	of	ethanol	to	acetic	acid	by	
bacteria,	 usually	 Acetobacter	 species	 (Adams,	 1998;	
Horiuchi	 et.	al.,	 2000).Acetic	 acid	 yield	 from	 fermented	
sugar	is	approximately	40%,	

with	 the	 remaining	 sugar	 metabolites	 either	 lost	 to	
volatilization	 or	 converted	 into	 other	 compounds.	 Acid	
yield	 improvements	 can	 be	 achieved	 using	 high	 rates	
aeration	during	continuous	production	(Ghommidh	et	al	
1986).	

Vinegar	bacteria,	 also	 called	Acetic	Acid	Bacteria	 (AAB),	
are	members	of	the	genus	Acetobacter	and	characterized	
by	 their	 ability	 to	 convert	 ethyl	 alcohol,	 C2H5OH,	 into	
acetic	acid,	CH3CO2H,	by	oxidation	as	shown	below:	

Anaerobic																															Aerobic	

2C2H5OH	 	 	 	 	 	 	 	 	 	 	 	 	 	 	 2CH3CHO																	
2CH3CO2H	+	2H2O	

Vinegar	 traditionally	 has	 been	 used	 as	 a	 food	
preservative.	 Whether	 naturally	 produced	 during	
fermentation	 or	 intentionally	 added,	 vinegar	 retards	
microbial	growth	and	contributes	sensory	properties	 to	
a	 number	 of	 foods.	 The	 wide	 diversity	 of	 products	
containing	 vinegar	 (sauces,	 ketchup,	 mayonnaise,	 etc.)	
and	 the	 current	 fall	 in	wine	 consumption	 have	 favored	
an	 increase	 in	 vinegar	 production	 (De	 Ory	 et	
al2002).According	 to	 FDA	 (Food	 and	 Drug	
Administration,	 USA),	 vinegar	 as	 a	 sour	 solution,	
contains	not	less	than	4	grams	of	acetic	acid	in	100	cubic	
centimeters	 at	 20°C	 that	 is	 produced	 through	 alcoholic	
and	 successively	 acetic	 fermentation	 of	 sugary	 and	
starchy	 substrates.	 Earlier	 processes	 used	 for	 making	
vinegar	were	 the	Orleans	process	 (which	 is	also	known	
as	 the	 slow	 process),	 the	 quick	 process	 (which	 is	 also	
called	the	generator	process),	and	the	submerged	culture	
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process.	 The	 quick	 process	 and	 submerged	 culture	
process	 were	 developed	 and	 are	 used	 for	 commercial	
vinegar	production	today.	Further	processing	of	vinegar,	
following	 substrate	 conversion	 to	 acetic	 acid	 may	
include	 filtration,	 clarification	 distillation	 and	
pasteurization	 at	 165.2°F	 (74°C)	 before	 it	 is	 bottled.	
Acetic	 acid	 concentration	 in	 vinegar	 maybe	 expressed	
using	the	term	“grain”.	

India	 is	 leading	the	world	in	the	production	of	bananas.	
Mostly	 yin	 India,	 Tamil	 nadu	 is	 the	 state	 produces	 the	
highest	 quantity	 of	 bananas.	 Due	 to	 a	 high	 rate	 of	
productivity	of	bananas	in	India	they	are	easily	available	
and	 available	 at	 low	 prices	 in	 the	 market.	 As	 bananas	
have	 a	 short	 shelf‐life,	 there	 is	 a	 rapid	 rate	 of	
deterioration	of	 this	 fruit	 (Akubor	 et	 al.,	 2003).	Banana	
(Musa	 sp.)	 is	 a	 large	 perennial	 herb	 with	 leaf	 sheaths	
that	form	trunk‐like	pseudo	stem.	It	is	rich	in	vitamin	B6,	
which	 helps	 fight	 infection	 and	 is	 essential	 for	 the	
synthesis	 of	 heme—theiron	 containing	 part	 of	
haemoglobin.	

Banana	is	also	rich	in	potassium	and	is	a	great	source	of	
fibre.	A	good	quality	alcoholic	base	for	producing	vinegar	
containing	 5‐6%	 acetic	 acid	 was	 obtained.	 Simmonds	
(1966)	 reported	 that	 vinegar	 has	 been	 prepared	 by	
fermenting	 a	 mash	 of	 banana	 pulp	 and	 peel.	 Vinegar	
production	 from	 banana	may	 enhance	minimize	 cost	 of	
production	and	eco‐friendly.		

Traditionally	 ethanol	 has	 been	 produced	 by	 batch	
fermentation;	 employing	 Saccharomyces	 cerevesiae	 the	
name	first	applied	by	Meyen	(1838)	 to	distinguish	beer	
yeasts	 from	 those	 isolated	 from	 other	 alcoholic	
beverages	 is	 still	a	major	concern	of	all	 the	researchers	
in	the	field.	Yeasts	are	the	only	organisms	currently	used	
for	 large	 scale	 industrial	 ethanol	 a	 production.	Many	of	
these	 newly	 developed	 bioprocesses	 for	 ethanol	 are	
mainly	 aimed	 at	 to	 enhance	 the	 productivity	 by	
employing	high	cell	densities	 in	 	 	 	 	 the	fermentor.	 It	has	
been	 well	 recognized	 that	 alcoholic	 fermentation	 are	
limited	due	to	the	inhibitory	effects	of	both	substrate	and	
product.	 An	 efficient	 ethanol	 production	 requires	 four	
components:	 fermentable	 carbohydrates,	 an	 efficient	
yeast	 strain,	 a	 few	 nutrients	 and	 simple	 culture	
conditions.	 In	 this	 experiment	Saccharomyces	 cerevisiae	
yeast	 is	 used	 to	 convert	 glucose	 into	 ethyl	 alcohol.	 The	
yeast	 cell	 contains	 enzyme	 catalysts	 that	 provide	 an	
energetically	 favorable	 pathway	 for	 the	 reaction.	Acetic	
fermentation	 is	 the	 next	 step	 in	 alcoholic	 fermentation,	
where	 alcohol	 molecules	 are	 oxidized	 into	 acetic	 acid	
molecules	 by	 the	 action	 of	 Acetobacter	 aceti	 bacteria,	
giving	it	the	characteristic	vinegar	taste.	

2. MATERIALS	AND	METHODS	

2.1	BANANA	PEEL	AND	COCONUT	WATER	ALCOHOL	
PRODUCTION	

Banana	peel,	Sugar,	coconut	water	&	Packaging	materials	
were	procured	from	the	local	market	of	Allahabad,	India.	
Several	bananas	were	selected	at	random	to	be	analyzed.	
The	 whole	 fruits	 were	 weighed	 and	 peeled.	 The	 fruits	
were	 then	 Weighed.	 The	 components	 were	 hand	
chopped,	crushed,	sampled	and	immediately	frozen	until	
analyzed.	 However,	 the	 stored	 samples	 were	 utilized	

within	 24	 h	 of	 collection.	 Fresh	 coconut	 water	 (from	
mature	 coconut)	 was	 collected	 from	 selected	 local	
market.	Sample	was	kept	in	sterile	container	and	directly	
brought	to	laboratory.	Stove	were	used	for	extracting	of	
orange	peel	powder,	extraction	was	carried	out	at	60	to	
65ºc	 for	 3hrs.	 Alcoholic	 seed	 broth	 was	 prepared	
through	 the	 fermentation	 of	 S.	 cerevisiae	 in	 coconut	
water	 and	 banana	 peel	 juice	 with	 the	 inoculum	 size	 of	
8%	 and	 10%	 (v/v).	 with	 different	 sugar	
concenteration.The	 inoculated	 substrate	 was	 incubated	
for	28	days	at	room	temperature	under	static	condition	
prior	 using	 it	 as	 a	 seed	 medium	 for	 acetic	 acid	
fermentation.	 After	 that,	 5%,10%,15%of	 A.	 aceti	 stock	
culture	was	inoculated	into	the	seed	broth	and	incubated	
at	 the	 room	 temperature	 under	 static	 condition	 for	 2	
months.	Samples	were	withdrawn	at	1	month	interval	to	
quantify	 acetic	 acid	 concentration	 through	 titration	
assay.	 Proximate	 analysis	 was	 performed	 on	 all	
produced	vinegars	to	Obtain	its	profile.	

2.2	Chemical	analysis	

Estimation	of	total	%acidity	of	vinegar:	Total	acidity	was	
evaluated	 by	 acid	 –	 base	 titration	 with	 standardized	
solution	 of	 0.1	 N	 sodium	 hydroxide,	 using	
phenolphthalein	 as	 a	 indicator	 and	 the	 results	 were	
expressed	as	acetic	acid	content	(AOAC,	1990)	

Ash:	 By	 using	 muffle	 furnace	 method	 up	 to	 constant	
weigh.		Ignite	in	a	muffle	furnace	at	550+/‐		250c	for		4	
hrs		(Ranganna,	1986).	

Protein:		The		estimation		of		nitrogen		is		done		by		kjeldahl		
method		where		 in	 	the	 	protein	 	content	 	 is	 	obtained		
by	 	 multiplying	 the	 nitrogen	 value	 with	 6.25	 	 (	
Ranganna,		1986).	

2.3	Sensory	Analysis	

Sensory	 evaluation:	 Evaluate	 the	 products	 for	
acceptability	based	on	its	flavour,	texture,	appearance,	
amount	of	bitterness			and			overall			acceptability			using			
nine‐point	hedonic	scale	

	(1	=	dislike	extremely	to	9	=	like	extremely;	Meilgaard	et	
al.,	1999).	

2.4	Statistical	Analysis	
Statistical	 analysis:	 Analyzed	 by	 one‐way	 analysis	 of	
variance	 (ANOVA)	 and	 analysis	 is	 carried	 using	
Microsoft	Excel	data	analysis.	
	

3. RESULT	AND	DISCUSSION	
The	 experiments	 were	 conducted	 for	 “optimization	 of	
process	 parameter	 for	 production	 of	 vinegar	 from	
banana	 peel	 and	 coconut	 water”.	 The	 present	
investigation	was	under	taken	to	evaluate	the	quality	as	
well	 as	 acceptability	 of	 utilization	 of	 banana	 peel	 and	
coconut	water	for	the	preparation	vinegar.	The	physical,	
chemical,	sensory	and	storage	evaluation	of	vinegar	had	
been	carried	out.	

Studies	 on	 physico‐chemical	 analysis	 (i.e.	 pH,	
protein,	 ash	 and	 phosphorus	 and	mallic	 acid)	 and	
sensory	 properties,	 which	 were	 determined	 for	
development	of	banana,	peel	vinegar	and	coconut	water	
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vinegar.	The	shelf	life	studies	were	conducted	at	the	
interval	of	10	days	up	to	45	days.	The	results	of	the	
study	 are	 being	 presented	 and	 discussed	 in	
following	sectioned.	

3.1	PRODUCT	DEVELOPMENT	

The	product	development	was	done	 in	Laboratory	
of	 Food	 process	 engineering.	 The	 data	 were	
summarized	 in	 the	 following	 section.	 The	 banana	
peel,	 coconut	water,	 different	 yeast	 concentration,	
sugar	and	acetobacter	aceti	was	selected	for	further	
studies.	The	ratios	were	taken	for	development	and	
quality	 evaluation.	 Incubation	 time	 and	
temperature	 was	 followed	 as	 per	 experimental	
design	 28°C	 for	 4	 week,	 8	 week	 and	 12	 week	 for	
three	 different	 samples.	 Incorporated	 ratio	 was	
(5%,10%,15%)	 after	 fermentation,	 sensory	
evaluation	were	done	by	panel	of	 judge	nine	point	
hedonic	 scale	 with	 the	 help	 of	 general	

color,taste,flavour,	 texture	 and	 overall	
acceptability.		

3.2	PROXIMATE	ANALYSIS	

Vinegar	 fermentation	 is	 essentially	 a	 two‐step	 process	
comprising	 the	 anaerobic	 conversion	 of	 sugars	 to	
ethanol	 and	 the	 aerobic	 oxidation	 of	 ethanol	 to	 acetic	
acid.	 Alcoholic	 seed	 broths	 which	 were	 prepared	 from	
the	 fermentation	 of	 S.cerevisiae	 in	 coconut	 water	 and	
banana	 peel	 were	 used	 for	 acetic	 acid	 fermentation.	 A	
total	 5%,	 10%and	 15%	 of	 A.	 aceti	 stock	 culture	 was	
inoculated	 into	 all	 seed	 broths.	 After	 inoculation,	 all	
samples	 were	 incubated	 at	 room	 temperature	 under	
static	condition.	Samples	were	withdrawn	after	4	weeks	
and	 8	 weeks	 to	 quantify	 the	 acetic	 acid	 concentration	
through	titration	assay.	

	

Table	3.1.1	Effect	of	different	yeast	and	sugar	concentration	on	alcoholic	fermentation	

sample	

	

variable	

	

pH	 before	
fermentation	

	

pH after	
fermentation	

	

Alcohol	 %	 of	
fermentation	
broth	

	

Residual	
sugar%	 of	
fermentation	
broth	

	

Banana	
peel	

	

Set	A	 4	 4 7.77 0	

Set	B	 4.5	 4 7.47 0	

Set	C	 4	 4 6.29 0	

	

Coconut	
water	

Set	A	 5.5	 3.8 5.00 0	

Set	B	 6	 5.6 5.43 0	

Set	C	 5.4	 3.2 5.60 0	

	

From	 the	 table	 3.1.1.it	 is	 clearly	 shown	 that	 7.77	 %	
alcohol	was	produced	by	8	%	yeast	cell	concentration	at	
28ºC,	 pH	4.0	 and	 10%	 sugar	 concentration	 for	 28	 days	
But	 under	 the	 same	 time,	 10%	yeast	 cell	 concentration	
produced	 7.47%	 of	 alcohol.	 Alcohol	 production	 was	
gradually	decreased	with	sugar	concentration	from	10%	
to	 12%.	 Though	 alcohol	 production	 takes	 place	 under	
resting	 condition,	 decrease	 in	 yeast	 cell	 concentration,	
more	 amount	 of	 sugar	 was	 utilized	 by	 yeast	 to	 be	
converted	 to	 alcohol.	 The	 distillation	 process	 was	 the	
most	 troublesome	 since	 it	 required	 the	 combination	 of	
many	equipments	which	led	to	some	malfunctions.	From	
the	above	observations,	we	can	conclude	that	the	above	
process	was	highly	 suitable	 for	 industrial	production	of	
alcohol	from	banana	fruits	because	the	alcohol	yield	was	
low	cost	technology	and	also	ecofriendly.	

Due	 to	 coconut	 water	 5.60	%alcohol	 was	 produced	 by	
10%	 yeast	 cell	 concentration	 at	 28ºC,	 pH	 3.2and	
12%sugar	concentration	for	28days.but	under	the	same	
time	 of	 28	 days	 10%yeast	 cell	 concentration	 produced	
5.43	 %of	 alchohol.Alcohol	 production	 was	 gradually	
decreased	with	 sugar	 concentration	 from	 12%	 to	 10%.	
From	the	above	observations,	we	can	conclude	 that	 the	
above	 process	 was	 highly	 suitable	 for	 industrial	
production	 of	 alcohol	 from	 coconut	 water	 because	 the	
alcohol	 yield	 was	 low	 cost	 technology	 and	 also	
ecofriendly.	
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3.3	pH	analysis	

Table	3.2.1	pH	in	banana	peel	vinegar	fermentation	broth	measuring	by	pH	meter	

Sample		 Acetobacter	 aceti	 growth	 medium	
inoculation	

After	4	week After	8	week	 After	12	week

Set	A	 5%	 5 4 4	

10%	 4 4 3	

15%	 4 3 2	

Set	B	 5%	 5 4 4	

10%	 4 3 4	

15%	 5 4 4	

Set	C	 5%	 4 3 4	

10%	 4 4 3	

15%	 6 3 4	

	

Table	3.2	2	pH	in	coconut	water	vinegar	fermentation	broth	measuring	by	pH	meter	

Sample		 Acetobacter	 aceti	 growth	 medium	
inoculation	

After	4	week After	8	week	 After	12	week

Set	A	 5%	 2.9 3.01 2.99	

10%	 3.0 3.07 3.01	

15%	 3.5 3.21 3.00	

Set	B	 5%	 3.0 3.08 3.00	

10%	 3.4 3.11 3.30	

15%	 3.6 3.23 3.40	

Set	C	 5%	 3.0 2.90 2.90	

10%	 3.0 3.40 2.89	

15%	 3.6 3.23 2.90	

	

From	 table	 it	 is	 clearly	 shown	 that	 the	 pH	 value	 has	
found	 to	 be	 decreased	 to	 a	 desired	 range	 during	 the	
fermentation	 process.	 The	 decrease	 in	 pH	 value	 during	
alcoholic	 fermentation	 may	 be	 due	 to	 the	 presence	 of	
carbon	 dioxide	 and	 hydrogen	 ions	 (Ning,	 2008).yeast	
transformed	 sugar	 present	 in	 banana	 peel	 and	 coconut	
water	 into	 alcohol	 and	 carbon	 dioxide	 gas	 during	

alcoholic	 fermentation.	 The	 acidity	 of	 banana	 peel	
vinegar	and	coconut	water	vinegar	in	the	second	stage	of	
fermentation	 process	 was	 most	 probably	 due	 to	 the	
presence	of	organic	 acids.	The	 increasing	 concentration	
of	acetic	acid	caused	 the	 lower	pH	 in	both	vinegar.	The	
pH	 changes	 become	 stable	 at	 the	 end	 of	 fermentation	
was	 due	 to	 the	 production	 of	 acetic	 acid	was	 reducing.
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3.4	TITRABLE	ACIDITY	IN	VINEGAR	FERMENTATION	BROTH	

Table			3.4.1	Titrable	Acidity	%	in	banana	peel	Vinegar	Fermentation	Broth	

Sample		 Acetobacter	aceti	growth	medium	inoculation After	4	week After	8	week	 After	 12	
weeks	

Set	A	 5%	 3.66 4.23	 4.52

10%	 3.70 4.25	 4.62

15%	 3.79 4.27	 4.67

Set	B	 5%	 3.28 4.13	 4.40

10%	 3.39 4.17	 4.48

15%	 3.48 4.20	 4.43

Set	C	 5%	 2.73 4.07	 4.30

10%	 2.91 4.11	 4.32

15%	 3.19 4.15	 4.37

	

Table	3.4.2Titrable	acidity	in	coconut	water	vinegar	fermentation	broth	

Sample		 Acetobacter	 aceti	 growth	 medium		
inoculation	

After	4	week After	8	week	 After	12	week

Set	A	 5%	 2.45 4.10 5.00	

10%	 3.26 4.90 5.20	

15%	 4.21 5.20 6.00	

Set	B	 5%	 2.90 4.55 4.99	

10%	 3.77 5.00 5.55	

15%	 4.36 5.34 5.88	

Set	C	 5%	 3.30 4.01 4.55	

10%	 4.05 4.60 5.20	

15%	 3.99 4.88 5.59	

	

The	result	of	this	study	 indicated	that	Acetobactor	aceti	
with	 good	 fermentation	 attributes,	 which	may	 enhance	
total	 acidity	 and	minimize	 cost	 of	 production,	 could	 be	
obtained	vinegar	from	banana	alcohol.	Acetic	acid	takes	
into	 account	 that	 other	 organic	 acids	 are	 present	 in	
vinegar	at	negligible	quantities.	It	is	possible	to	suppose	
that	 total	 acidity	 is	 a	 good	 indicator	 of	 the	 acetic	 acid	
concentration.	

This	 study,	 the	 physicochemical	 properties	 (pH)	 and	
acetic	 acid	 content	 of	 banana	 vinegar	 were	 analyzed.	
After	fermentation,	the	vinegar	has	found	a	color	of	pale	
yellow.	 The	 results	 showed	 that	 acetic	 acid	
concentrations	 increased	with	an	 increase	 in	 inoculums	
level	 examined.	 A	 highest	 acetic	 acid	 concentrations	 of	
4.67	%	 and	 4.62%	were	 observed	 at	 the	 15	 and	 10	%	

inoculums	 level,	 respectively	 for	 highest	 alcohol	
contained	sample	(SET	A).	

Acetic	 acid	 fermentation	 was	 successfully	 completed	
using	 banana	 peel	 juice.	 Most	 of	 the	 total	 sugar	 was	
converted	 to	 acetic	 acid	 via	 ethanol.	 Evaporation	 of	
volatile	 compounds	 including	 ethanol,	 acetaldehyde	 as	
well	as	acetic	acid	during	the	acetic	fermentation	process	
is	 one	 of	 the	 main	 causes	 of	 lowered	 concentration	 of	
acetic	acid.	

The	 initial	 concentrations	 of	 ethanol	 prior	 acetic	 acid	
fermentation	 in	 all	 samples	 of	 coconut	 water	 were	
between	5	–	7%	with	the	pH	ranging	between	5.00‐5.15	
During	acetic	acid	fermentation,	ethanol	will	be	oxidized	
to	 acetic	 acid	 by	 two‐step	 reaction,	 the	 oxidation	 of	
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ethanol	 to	 acetaldehyde,	 followed	 by	 the	 oxidation	 of	
acetaldehyde	 to	acetate	 .	After	acetic	acid	 fermentation,	
the	acidity	of	all	samples	reached	between	2.45	–	4.36%	
(4	weeks)	and	4.55	–	5.34%	(8	weeks)	and	 the	pH	 lied	
between	2.98	–	3.64	(4	weeks)	and	3.01	–	3.2.However,	
coconut	water	vinegar	showed	the	lowest	acidity	among	
all	 Samples	 tested	 after	 8	 weeks	 of	 acetic	 acid	
fermentation.	This	indicated	that	the	natural	sugar	found	
in	 the	 banana	 peel	 is	 a	 better	 carbon	 Source	 for	 the	
production	 of	 acetic	 acid	 than	 the	 sucrose	 that	 was	
added	 into	 Coconut	 water.	 Although	 the	 lowest	 acidity	
was	produced	in	coconut	water.	

3.5	PROXIMATE	ANALYSIS	OF	VINEGAR	

From	the	table	below	3.5.1	,	the	chemical	composition	of	
the	 mature	 coconut	 water	 is	 1.70g	 protein,0.47	 g	 ash	
content,48.0g	phosphorus	content	,3.43	g	mallic	acid	and	
the	 chemical	 composition	 of	 banana	 peel	 is1.10g	
protein,1.62g	 total	 ash,1.45g	 phosphorus,1.36	 g	 titrable	
acidity	of	mallic	acid.	

The	proximate	analysis	that	has	been	performed	showed	
that	due	to	the	low	carbohydrate	content,	coconut	water	
was	 added	 with	 sucrose	 until	 14oBrix	 to	 support	
fermentation.	 Banana	 peel	 juice	 was	 also	 adjusted	 to	
14oBrix	 prior	 fermentation	 to	 standardize	 the	 initial	
carbon	 source.	 After	 the	 completion	 of	 vinegar	
production,	 total	 ash	 and	 titrable	 acidity	 of	 mallic	 acid	
decreases	 and	 phosphorus	 content	 of	 banana	 peel	
vinegar	 increases	 and	 coconut	water	 vinegar	 decreases	
respectively.	However,	there	was	a	sign	of	increment	on	
protein	 after	 all	 substrates	 turned	 to	 vinegar	 for	 both	
banana	peel	and	coconut	water.		

This	 indicates	 that	 mature	 coconut	 water	 and	 banana	
peel	is	a	suitable	substrate	in	vinegar	making	thus,	have	
the	good	prospect	on	the	environmental	protection	and	
can	be	included	in	the	term	of	“waste	to	wealth”	creation.	

	

Table	3.5.1	proximate	analysis	of	vinegar	

SL.NO	 TEST	
PARAMETER	

BANANA	
PEEL	

PER	
100g	

BANANA	 PEEL	
VINEGAR	 PER	
100g	

COCONUT	
WATER	
PER	100g	

COCONUT	 WATER	
VINEGAR/100g	

1.	 Protein	 1.10 2.98 1.70 2.50	

2.	 Total	ash 1.62 0.093 0.47 0.28	

3.	 Phosphorus		 1.45 9.75 48.0 19.63	

4.	 Titrable	 acidity	 in	
terms	of	mallic	acid	

1.36 0.60 3.43 2.53	

	

4. SUMMARY	AND	CONCLUSIONS	

It	have	been	reviewed	that	the	pH	value	has	found	to	be	
decreased	 to	 a	 desired	 range	 during	 the	 fermentation	
process.	 The	 decrease	 in	 pH	 value	 during	 alcoholic	
fermentation	 may	 be	 due	 to	 the	 presence	 of	 carbon	
dioxide	 and	 hydrogen	 ions.	 The	 titration	 of	 acid	
determines	the	amount	of	organic	acids	that	contained	in	
the	banana	peel	and	coconut	water	vinegar.	The	acidity	
of	 vinegar	 was	 found	 to	 be	 increased	 during	 the	 two	
stage	 production	 process.	 The	 presence	 of	 carbon	
dioxide	 and	 increasing	 concentration	 of	 acetic	 acid	
affected	the	acidity	if	vinegar.	

To	 conclude,	 we	 learned	 that	 it	 is	 possible	 to	 produce	
vinegar	 from	 banana	 peel	 and	 coconut	 water	 from	 the	
study.	 It	 can	 be	 done	 by	 using	 the	 saccharomyces	
cerevisiae	to	degrade	sugar	into	ethanol	and	acetobacter	
to	 oxidize	 the	 ethanol	 into	 acetic	 acid.Alcholic	
fermentation	 and	 acetic	 acid	 fermentation	 of	 vinegar	
were	 observed	 to	 be	 associated	 with	 physical	 and	
chemical	changes.	The		

	

process	 results	 in	 decrease	 in	 pH,	 reducing	 sugars,	
soluble	solids,	with	concomitant	 increases	in	the	acidity	
over	 the	 fermentation	 period.	 This	 is	 due	 to	 the	
metabolism	 of	 carbohydrates	 by	 yeast	 and	 other	
chemical	 reactions.	 The	 increased	 in	 acidity	 and	 the	
stabilization	 of	 pH	 was	 due	 to	 the	 buffering	 action	
caused	by	unionized	weak	acids	and	 increases	of	 acetic	
acid	during	 the	 fermentation	period.	 This	 study	proved	
that	 banana	 peel	 and	 coconut	 water	 can	 be	 a	 suitable	
raw	 material	 for	 the	 production	 of	 vinegar.	 The	
production	 of	 banana	 peel	 vinegar	 to	 be	 at	 least	
4.67%acidity,pH	2	and	requires	12	weeks	for	acetic	acid	
fermentation,	 and	 6%acidity,pH	 3.01and	 requires	 12	
week	 for	 acetic	 acid	 fermentation	 of	 coconut	 water	
vinegar.	 All	 these	 results	 can	 be	 concluded	 that	 post	
harvest	losses	of	banana	peel	and	coconut	water	may	be	
used	to	vinegar	and	have	a	commercial	value.	Hence;	the	
waste	of	fruit	can	be	reduced.	Mature	coconut	water	is	a	
suitable	alternative	substrate	for	the	vinegar	production.	
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