
INTRODUCTION

Jaggery or gur is a traditional Indian sweetener used as an ingredient extensively in
Indian cuisines in sweet and  savoury  dishes across  India. In Indian market, jaggery is available
in solid, liquid and powder forms. Eighty per cent of jaggery is available in solid form, whereas
the remaining 20 per cent is in liquid or granular form. Value - added jaggery viz., cubical
jaggery, -rectangular jaggery, liquid, granular and jaggery is also available. The Indian Institute
of Sugarcane Research, Lucknow has experimented extensively on developing value-added
jaggery.

Organic jaggery contains sucrose and glucose but also has some amount of minerals
and vitamins (Madan et al., 2004). Unlike table sugar or sucrose, jaggery contains essential
minerals such as iron, magnesium, potassium, selenium, manganese and zinc. Jaggery also
gathers a considerable amount of ferrous salts (iron) during its preparation, as it is prepared
in iron vessels.

It is said to be helpful in proper functioning of nervous system, regulation of blood
pressure and heart function (Singh et al., 2011). The phenol in jaggery gives it antioxidant
functions. Besides providing energy, it is said to improve digestion and strengthen the lungs
and bones (Thakur, 1999). It is extensively used in various Ayurvedic medicines. To prepare
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these Asavas and Arishta, jaggery is used as a source of sucrose. It is wholesome health
food and is nutritionally superior to white sugar due to the presence of additional reducing
sugars, minerals, protein, fat and vitamins (Thakur, 1999).

Not many reports are available in the literature on nutrient content of commercial jaggery
samples. Therefore, the present study was undertaken to analyse commercial jaggery samples
for the content of two minerals namely iron and zinc and to determine whether these samples
conformed to standards for acid –insoluble ash which is an index of mineral matter i.e. dirt
and sand.

METHODOLOGY
Chemical composition analysis of jaggery :

One hundred and fifty jaggery samples were collected from Kolhapur, Mumbai and
Pune city (from each city 50 samples were collected) from various different shops, household
source and manufacturers. All the jaggery samples were analyzed for the acid insoluble ash,
iron content and zinc content.

Acid-insoluble ash:
This was analysed by AOAC method (1). Two grams of homogenized sample was

weighed accurately in triplicate and the samples were ashed at until .

Estimation of iron and zinc content:
Ash samples were prepare using concentrated Nitric acid.
The solutions were stored at 4 degrees C and were analysed for iron and zinc content

using ICP-AES at the Indian Institute of Technology, Mumbai.
All samples were analyzed in triplicates.
Qualitative parameters: Colour and texture of the jaggery were also recorded. Colour

of samples was classified as follows: yellow, dark yellow and brown. For texture, samples
were classified as: dry and moist.

Statistical analysis:
Analyses were performed using SPSS software for Windows (version 16.0, 2007, SPSS

Inc, Chicago, IL). Data are presented as Mean±SE. One way ANOVA with post hoc Tukey’s
test was used to analyse the difference in parameters when classified according to city or
colour of jaggery. Independent sample T test was used to analyse the difference in parameters
when classified according to texture. Pearson correlation was used to analyse the correlation
of total ash with iron or zinc percentage. p<0.05 was considered to be statistically significant.

RESULTSAND DISCUSSION
Mean values for acid-insoluble ash varied from nil to 52.5 mg% (Table 1). As per

standards given by , the content of acid insoluble ash in jaggery should not exceed 0.3. In the
present study, when the three cities were compared, Mumbai samples were found to be
better as 35 out of the 50 samples analyzed contained more than 0.3 acid-insoluble ash. In
contrast, 42 of the 50 samples from Kolhapur exceeded the limit and in Pune 46 of the 50
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samples exceeded the recommended limit for acid insoluble ash. t-test indicated that Mumbai
samples contained significantly lower amounts of acid-insoluble ash ( p<0.05) compared to
the samples from Kolhapur and Pune. However, there was no significant difference between
the mean values for the samples from Kolhapur and Pune.

Table 1 :  Acid insoluble ash content of commercial jaggery samples from three cities in
Maharashtra

Kolhapur Pune Mumbai

Mean±S.E. 1.77±0.19 1.76±0.17 0.64±0.10*#

Minimum-maximum 0-52.5 0-4.5 0-3.0

Coefficient of variation
Data presented as
*Significantly different from Kolhapur (p<0.05)
#significantly Different from Pune (p<0.05)

And after analysis we observe that the mean iron percentage of jaggery for all samples
was 1.28±0.12 % and the mean zinc percentage was 0.36±0.02% and mean total ash was
1.39±0.10.

Table 2 gives mean content of iron (mg %) and zinc (mg %) of jaggery when classified
according to city. Total iron content differed significantly between the three cities, with the
lowest mean content being observed for samples in Pune and the highest content in Kolhapur
samples. Variation between individual samples was lowest for samples in Pune. There was
no significant difference in iron percentage of jaggery of Kolhapur and Mumbai or Pune and
Mumbai (p>0.05). There was no significant difference between jaggery samples from
Kolhapur and Pune (p>0.05. Zinc was significantly lower in jaggery samples from Mumbai
as compared to that from Kolhapur and Pune (p<0.05). Iron content of jaggery from Kolhapur
was significantly higher than that of jaggery from Pune (p<0.05).

Table 2 : Iron and zinc content of jaggery from different cities
Kolhapur Pune Mumbai

Iron (mg /100gm jaggery) 1.72±0.20 0.92±0.16* 1.21±0.22

Minimum-Maximum 0-5.24 0.62-1.27 0.35-7.22

Coefficient of variation

Zinc 0.44±0.04 0.51±0.04 0.13±0.02*#

Minimum-Maximum 0.051-1.027 0.05-1.20 0.002-0.868
Data presented as Mean±SE.
*Significantly different from Kolhapur (p<0.05)
#Significantly Different from Pune (p<0.05)

Among the samples analysed, in three samples from Kolhapur and two samples from
Mumbai iron and zinc could not be detected. Among the samples collected from Pune, only
one sample did not contain any zinc.

Table 3 gives mean content of total acid insoluble ash, iron and zinc when samples were
classified according to colour of jaggery. There was no significant difference in mean values
for acid-insoluble ash, iron or zinc content of the samples when classified according to colour
of jaggery (p>0.05).
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Table 4 gives mean content of acid-insoluble ash, iron and zinc in the samples classified
according to texture. The zinc percentage of dry jaggery was significantly higher than that in
moist jaggery (p<0.05). However, there was no significant difference in acid-insoluble ash
and iron content of moist and dry jaggery (p>0.05).

Table 3 :  Total ash, iron percentage and zinc percentage of jaggery when classified according to
colour of jaggery

Yellow (n=39) Dark yellow (n=51) Brown (n=60)

Acid-insoluble ash 1.28±0.19 1.44±0.16 1.42±0.17

Iron percentage 0.98±0.14 1.41±0.18 1.38±0.23

Zinc percentage 0.37±0.04 0.42±0.04 0.31±0.04
Data presented as Mean±SE

Table 4 : Total ash, iron percentage and zinc percentage of jaggery when classified according to
texture

Moist (n=71) Dry (n=79) P value

Total ash 1.26±0.15 1.51±0.14 0.227

Iron percentage 1.17±0.13 1.38±0.19 0.349

Zinc percentage 0.29±0.03 0.42±0.03 0.05
Data presented as Mean±SE.

Table 5 : Correlation of acid-insoluble ash with iron and zinc percentage
Pearson R value P value

Iron percentage 0.103 0.211

Zinc percentage 0.197 0.016

Table 5 shows the correlation coefficient between acid-insoluble ash with iron and zinc
content (mg %). There was a significant positive correlation between zinc content and acid-
insoluble ash (p<0.05), but there was no significant correlation between iron content and
acid insoluble ash (p>0.05).
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Discussion:
The results of the present study showed that a very high percentage of jaggery samples

from all three cities contained fairly high amounts of acid –insoluble ash, indicating the
presence of dirt and sand. These findings indicate that quality of jaggery samples need to be
improved. This is especially important because the samples analysed contained iron and zinc
and very few samples did not contain any iron or zinc. Texture but not colour was found to
be associated with the iron and zinc content. Dry jaggery had a higher zinc percentage than
did moist jaggery.

Singh et al. (2011) reported that gur contains important minerals. The content was
reported to be: calcium 40-100 mg, magnesium 70-90 mg, potassium 1056 mg, phosphorous
20-90 mg, sodium 19-30 mg, iron 10-13 mg, manganese 0.2-0.5 mg, zinc 0.2-0.4 mg, copper
0.1-0.9 mg and chloride 5.3 mg per 100 g of gur and vitamins (vitamin A 3.8 mg, vit B1 0.01
mg, vit B2 0.06 mg, vit B5 0.01 mg, vit B6 0.01 mg, vit C 7.00 mg, vit D 6.50 mg, vit E 111.30
mg and protein 280 mg per 100 g of gur). The sucrose content is 72-78 g%, reducing sugars
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10-15g% and moisture 1.5-7.0g % and the fat content is only 0.1 g% (Singh et al., 2011).
The World Health Organisation estimates that 2 billion people are deficient in key vitamins

and minerals, particularly Vitamin A, iron, zinc, iodine (24). Under nutrition is a silent emergency
in India, where a substantial percentage of young children are undernourished. The fourth
National and Family and Health Survey indicated that 52% of women and 74% of children
are anemic. Anemia is caused by a variety of factors but is attributed primarily to low intakes
and poor availability. If sugar is substituted by jaggery, it can contribute some iron to the diet.
Jaggery is a natural and probably healthier option that needs to be popularized.

Also many people consider colour as a major criteria for the selection of jaggery followed
by shape and texture. There are studies (Madan et al., 2004) which show that jaggery is
adulterated with calcium carbonate to improve colour and to add weight. Sodium bicarbonate
is also added sometimes to give a whiter look. Yellow colour is added if the jaggery gets too
white. This may be harmful as these are not edible colours (Madan et al., 2004). These
aspects need to be focussed upon in terms of quality control and food safety.
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