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ABSTRACT The fruit peels are very rich in bioactive compounds which can be used as an antioxidants and antimicro-
bial agents. The current researches on the fruit peels are following a trend to identify an efficient way to 

extract the bioactive compounds having antioxidant and antimicrobial properties from the fruit peels, to use it for bet-
ter health development. The nutrient analysis of sweet lime peel vinegar and sweet lime fruit-peel combo vinegar re-
vealed that iron, folate, total polyphenols and flavonoids concentration were higher in sweet lime peel vinegar than the 
sweet lime fruit-peel combo vinegar.Viscosity, Density, refractive index and acid value of the sweet lime peel vinegar 
was 521cps, 1.08, 1.33, 85.15 respectively and sweet lime fruit-peel was 545 cps, 1.04, 1.33, and 224.5 respectively. 
The formulated sweet lime fruit-peel vinegar was incorporated into twenty dishes to increase the nutrient content, to 
benefit general health and to treat specific conditions like diabetes mellitus, cardio vascular diseases and obesity.

1. INTRODUCTION 
Fruits are an important source of compounds called phy-
tonutrients such as ascorbic acid, flavonoids, carotenoids, 
phenolic acid, tocopherol and sulphur containing com-
pounds, which possess antioxidant properties. These phy-
tochemicals scavenge the free radicals circulating in the 
body, thereby reducing the oxidative stress caused by the 
free radicles.The peel and seeds of fruits are also a rich 
source of antioxidant components. Recent studies indicate 
that the peel yields 1000 folds more phenolic compounds 
than pulp. Review suggest that flavonoids and phenolics 
were significantly greater in peel than the pulp and hence 
their fruit husk extracts shows antiproliferative activity 
against a panel of human oral, colon and prostate cancer 
cell lines (Seerama, 2005).

The sweet lime is valued in India because of its therapeu-
tic cooling effect in cases of fever and jaundice. In India, 
the pickled fruit is eaten to relieve indigestion. Al-Ghafiqi 
and Ikn al-Baytai cited various physicians who describe 
the use of the sweet lime to strengthen the stomach, to 
increase appetite, to prevent thirst, to halt diarrhea and 
vomiting, to strengthen the heart and to reduce fever. 
Sweet lime was also recommended for treating Jaundice, 
skin diseases, snakebites, scorpion bite, internal infec-
tions and hemorrhoids (Lev et al., 2008). The sweet lime 
peel constitutes essential components such as essential 
oil, dietary fibre and pectin which confers various health 
benefits to humans. Citrus essential oil has been known 
not only for its aromatic functions but also for its physio-
logical properties, such as chemoprevention against cancer 
and aromatherapy effects (Sawamura 2010). The essential 
oil extracted from lime peel by cold pressing method had 
hydrocarbons, aldehydes and alcohols as abundant com-
pounds              (Minh Tu et.al, 2002). In food industries, 
pectic substances are widely used in the manufacture of 
jams, jellies, marmalades, and fruit preserves of all kinds, 
especially the natural pectin content of fruits, like orange 
peel (Zykwinska et al., 2009). In a comparative study where 
pectin extraction from different varieties of citrus fruits ie, 
Feutral, Musambi, Kinnow and Malta, were analysed, the 
maximum pectin extraction was from Feutral followed by 
Musambi, Malta and kinnow.

Vinegar is used extensively in food processing as an im-
portant preservative and acidulant in pickles, salad dress-
ings, tomato products, and mustards. Vinegar is also 
used in the curing of meat and in the canning of cer-
tain vegetables. Apart from its abundant use in cook-
ing, cleaning, preserving vegetables and fruits, and as a 
disinfectant,vinegar has various health benefits. Vinegar 
specifically apple cider vinegar is rich in beneficial en-
zymes and is used medicinally for centuries. Apple ci-
der vinegar helps strengthen the immune system, control 
weight, promote good digestion, balance blood pH lev-
els and remove toxic sludge from the body (Quigley et al 
2010). Liatiset al (2010) observed that vinegar decreases 
postprandial hyperglycemia in patients with Type II diabe-
tes. Commercial rice vinegar showed antimicrobial activity 
against E.coli and Salmonella enterica, which were inocu-
lated on shredded iceberg lettuce.  

The present study was carried out to analyse the nutrient 
content and physiochemical properties of the newly formu-
lated vinegar preparations and to incorporate the formu-
lated vinegar into twenty dishes.

2. MATERIALS AND METHODS
2.1 Preparation of Vinegar
The two vinegar formulation were prepared by two-stage 
fermentation process, firstly by anaerobic fermentation 
of sugar to ethanol and secondly by conversion of etha-
nol to acetic acid aerobically. The sweet lime peel vinegar 
and sweet lime fruit-peel combo vinegar were prepared in 
clean and hygienic environment.

2.2 Nutrient analysis of the two vinegar preparations
The detection of the concentration of acetic acid and the 
nutrient content in sweet lime peel vinegar and sweet lime 
fruit-peel combo vinegar with regard to carbohydrate, pro-
tein, fat, tannins, total polyphenol content, flavonoids, iron, 
vitamin A, vitamin C, vitamin B1, vitamin B2, vitaminB3, vi-
tamin B6, vitamin E, vitamin K, folate and dietary fiber was 
carried out in a laboratory. The values obtained for each of 
the vinegar was compared with each other. The methods 
used for determining the nutrient content in the vinegar 
samples are present in Table. 1.
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2.2 Analysis of the physicochemical properties of the 
three vinegar preparations.
The physicochemical properties such as density, viscosity, 
acid value and refractive index of the three vinegar prep-
aration were assessed by different methods and are pre-
sented in Table. 2.

Table 1. Methods used for determining the nutrients

NUTRIENT METHOD

Acetic acid Titrimetry

Carbohydrate Gravimetry

Dietary Fibre Gravimetry

Fat Hydrolytic method

Flavonoids HPLC

Folic acid HPLC

Iron Atomic Absorption spec-
troscopy

Phenols HPLC

Protein KjeldhalFlaskMethod

Tannins HPLC

Vitamin A UV Spectroscopy

Vitamin B1 HPLC

Vitamin B2 HPLC

Vitamin B3 HPLC

Vitamin B6 HPLC

Vitamin C Titration

Vitamin E HPLC

Vitamin K HPLC

 
Table 2.Methods used for determining physical proper-
ties

Physicochemical properties Value

Viscosity Viscometer

Density Densimeter

Refractive index Refractometer

Acid value Titration 

 
2.3 Formulation of recipes using sweet lime fruit-peel 
combo vinegar
The formulated sweet lime fruit-peel combo vinegar was 
incorporated into a variety of dishes to increase the nutri-
ent content, to benefit general health and to treat specific 
conditions like Diabetes Mellitus, Cardio Vascular Diseases 
and Obesity. Twenty recipes were formulated and stand-
ardized using sweet lime fruit-peel combo vinegar. Sensory 
evaluation for these recipes was done by a panel of 20 
judges. The score obtained for the sensory qualities were 
assessed and compared such as appearance, color, tex-
ture, flavor, taste and overall acceptability. 

3. RESULT AND DISCUSSION 
3.1 Nutrient and physicochemical properties analysis 
of sweet lime peel vinegar and sweet    lime fruit-peel 
combo vinegar
The nutrient composition of Sweet lime peel vinegar and 
Sweet lime fruit-peel combo vinegar are presented in the 
Table 3a. 

Table 3a.Nutrient content analysis

Nutrient

Content per 100g 

Sweet lime peel 
vinegar 

Sweet lime 
fruit-peel combo 
vinegar 

Acetic acid (in 
gram) 19.22 g 38.04 g

Carbohydrate (in 
gram) 12.07 g 13.64 g

Protein (in gram) 12.26 g 14.62 g
Fat (in gram) 0.16 g 0.5 g
Iron (in mg) 10.2 mg 5.45 mg
Folate(in µg) 5.33 mcg 3.44 mcg
Tannins (in mg) 14.5 mg 19.4 mg
Total Polyphenols 
(in mg) 20.4 mg 10.3 mg

Flavonoids (Total) 
(in mg) 14.14 mg 9.78 mg

Vitamin A (in mg) 1.34 mg 2.34 mg
Vitamin B1(in mg) 43.7 mg 43.9 mg
Vitamin B2(in mg) 62.2 mg 62.2 mg
Vitamin B3(in mg) 65.4 mg 63.45 mg
Vitamin B6 (in mg) 12.2 mg 12.20 mg
Vitamin C (in mg) 56.7 mg 95.6 mg
Vitamin E (in mg) In traces 3.4 mg

Vitamin K (in mg) Below detectable 
level Nil

Dietary Fibre 
(in g) 4.34 g 6.57 g

 
The carbohydrate and protein content of sweet lime fruit-
peel combo vinegar were higher than sweet lime peel vin-
egar except fat which was found to be higher in the latter. 
In a study conducted by Padmajaet  al (1994) showed that 
the protein content of cassava decreased from 2.36g/100g 
to 1.6 g/100 g during fermentation. Conversely in a study 
by Babalola(2012), on soyabean fermentation sowed that 
the protein composition of the soyabean increases after 
fermentation, whereas fat content of cassava decreased af-
ter fermentation.

Total polyphenols in the Sweet lime peel vinegar indicates 
that the fruit peel yields more polyphenols than the pulp.
Polyphenols are potent inhibitors of LDL oxidation and this 
type of oxidation is considered to be a key mechanism 
in development of atherosclerosis (Aviram et al., 2000). 
Quercetin has been reported to possess anticancer prop-
erty against benzo(a)pyrene induced lung carcinogenesis 
in mice, an effect attrtibuted to its free radical scavenging 
activity (Kamaraj et al., 2007). Thus sweet lime peel vinegar 
and sweet lime fruit-peel combo vinegar are valuable ad-
dition to the diet which contributes polyphenols and fla-
vonoids. As both Sweet lime peel vinegar and Sweet lime 
fruit-peel combo vinegar are rich in B complex vitamins, it 
can be used for the treatment of B complex vitamins defi-
ciencies. 

Vitamin C content was 56.7mg in sweet lime peel vinegar 
and 95.6mg in sweet lime fruit-peel combo vinegar. The 
vitamin C content in 100g of Sweet lime fruit is 50 mg. 
Therefore the vitamin C content of sweet lime fruit-peel 
combo vinegar is higher than the Sweet lime peel vinegar. 
The absorption of non-heam iron found in the plants is 
enhanced by vitamin C (Iqbal et al., 2004). It can be ob-
served from the Table 13b that the iron content of sweet 
lime peel vinegar and sweet lime fruit-peel combo vinegar 
are 10.2 mg and 5.45 mg respectively. Both the vinegar 
samples can be used as iron supplementation for anemia 
as they are rich in iron and vitamin C. 



262  X INDIAN JOURNAL OF APPLIED RESEARCH

Volume : 4 | Issue : 9  | September 2014 | ISSN - 2249-555XReseaRch PaPeR

REFERENCE Aviram M, Dornfeld L, Rosenblat M, Volkova N, Kaplan M, Coleman R, Hayek T, Presser D, Fuhrman B. (2000) . Pomegranate juice consumption 
reduces oxidative stress, atherogenic modifications to LDL, and platelet aggregation: Studies in humans and in atherosclerotic apolipoproteinE-

deficient mice. Am J ClinNutr, 71,1062–1076. | Babalola, R.O. (2012).Effect of Fermentation on nutritional and antinutritional properties of fermenting soy beans and 
antagonistic effect of the fermenting organisms on delected pathogens. International Research Journal of Microbiology, 3(10), 333-338. | Iqbal, K., Khan, A. and 
Khattak M. M. M. A. K. (2004).Biological significance of ascorbic acid (vitamin C) in human health- A review.Pakisthan journal of nutrition, 3(1), 5-13. | Ismael, Narjis, F. 
(2013). “Vinegar” as anti-bacterial biofilm formed by streptococcus pyogenes isolated from recurrent tonsillitis patients in vitro. Jordan Journal of biological science, 
6(3), 191-197. | Kamaraj, S., Vinodhkumar, R., Anandakumar, P., Jagan, S., Ramakrishnan, G. and Devaki, T. (2007). The effects of quercetin on antioxidant status and 
tumor markers in the lung and serum of mice treated with benzo(a)pyrene. Biol Pharm Bull, 30, 2268–2273. | Lev Efrayim and Amar Zohar. (2008). Practical Material 
MedicaOf The Medieval Eastern Mediterranean According To The Cairo Genizah, Brill, The Netherlands, USA, pp-147. | Liatis Stavros. (2010). Vinegar reduces 
postprandial glycaemia in type II Diabetes. European Journal of Clinical Nutrition, 1,1-12. | Minh Tu, Thanh ,L. X., Une, A.,Ukeda , H. and Sawamura, M. (2002).Volatile 
constituents of Vietnamese pummelo, orange, tangerine and lime peel oils.Flavour and Fragrance Journal, 17(3), 169-174. | Padmaja, G., George, M., Moorthy, S. 
N., Bainbridge, Z., Plumb, V., Wood, J.F. and Powell, C. J. (1994). Nutritional evaluation of the starchy flour obtained from Cassava tubers on fermentation with a 
mixed culture inoculum. Journal of Agricultural and Food Chemistry, 42, 373-375. | Quigley Delia and Horton B.E. (2010).Super Charge with Super Foods, Adams 
Media, U.S.A, pp-109. | Sawamura Masayoshi., (2010) Citrus Essential Oils: Flavor and Fragrance, John Wiley and sons, New Jersey pp:1. | Seerama, N.P., Adamsa, 
L.S., Henninga, S.M., Niua, Y., Zhang, Y., Nair, M.G., &Hebera, D. (2005). In vitro antiproliferative, apoptotic and antioxidant activities of punicalagin, ellagic acid and 
a total pomegranate tannin extract are enhanced in combination with other polyphenols as found in pomegranate juice. Journal of Nutritional Biochemistry,16(6), 
360-367. | Zykwinska, A. (2009).“Green labelled” pectins with gelling and emulsifying properties can be extracted by enzymatic way from unexploited sources. Food 
hydrocolloids, 23(8), 2468-2477. | 

Sweet lime peel vinegar had vitamin E in traces but sweet 
lime fruit-peel combo vinegar had the traces of the vita-
min. Vitamin K in both the samples was negligible.

The dietary fibre content in sweet lime peel was 6.75 g 
and in sweet lime fruit-peel combo vinegar it was 4.34 g. 
Vinegar typically has 4-18% acetic acid by mass (Ismael., 
2013). The acetic acid content of sweet lime peel vinegar 
was 19.2g and sweet lime fruit-peel combo vinegar was 
38.4g. Acetic acid content in both vinegar samples was 
higher than the standard commercial vinegar. 

3.2 Analysis of physicochemical properties 
The results of the physiochemical properties viscosity, den-
sity, refractive index and acid value measured are present-
ed in table 3 b. 

3.3 Formulation of recipes using sweet lime fruit-peel 
combo vinegar 
The formulated sweet lime fruit-peel vinegar was incorpo-
rated into a variety of dishes to increase the polyphenols, 
flavonoids, vitamins and dietary fibre so as to benefit gen-
eral health and to treat specific conditions like Diabetes 
Mellitus, Cardio Vascular Diseases and Obesity.  As the 
sweet lime peel was bitter in taste sweet lime fruit-peel 
combo vinegar was used. Sweet lime fruit-peel combo vin-
egar was selected as it had similar nutrient compostion of 
sweet lime peel vinegar and better antimicrobial activity 
than sweet lime peel vinegar. Twenty recipes were formu-
lated and standardized using sweet lime fruit-peel combo 
vinegar. Sensory evaluation for these recipes was done by 
the panel of judges. The score obtained for the sensory 
qualities were assessed and compared such as appear-
ance, color, texture, flavor, taste and overall acceptability.

Table 3b.Analysis of physicochemical properties

Physical prop-
erty 

Sweet lime peel 
vinegar 

Sweet lime fruit-peel 
vinegar 

Viscosity 521 cps 545 cps

Density 1.084 1.04

Refractive Index 1.33 1.33

Acid value 85.15 223.5 

Figure 1.Overall acceptability of recipes for Hypercho-
lesterolemia

 
Figure 2.Overall acceptability of Recipes for Diabetes 
Mellitus

 
Figure 3.Overall acceptability of recipes for obesity

 
Figure 4.Overall acceptability of recipes for General 
Health
 
4. CONCLUSION 
The results indicate that the sweet lime peel vinegar and 
sweet lime fruit-peel combo vinegar are nutritionally better 
than commercial vinegar. The newly formulated sweet lime 
peel vinegar and sweet lime fruit-peel combo vinegar are 
rich in vitamin A, B complex vitamins, vitamin C, iron and 
folate. It also contains bioactive components such as flavo-
noids and polyphenols which are potent anticarcinogenic 
compounds. Therefore it can be put to use nutritionally 
and therapeutically. Also the addition of sweet lime fruit-
peel combo vinegar enhanced the recipes taste and gave 
a distinct flavor. There is a need to improve the physico-
chemical properties of the vinegar preparations as it more 
viscous, denser than the commercial vinegar.


