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Abstract Non-Centrifugal Sugar commonly known as
jaggery is a famous sweetening agent derived from sug-
arcane juice. The sugarcane juice undergoes enzymatic
reactions during jaggery production, resulting in the dark-
ening of its color. The study presents enzymatic inactiva-
tion of sugarcane juice, which was extracted from blanched
sugarcane stalks and also the effect of organic clarificants
on the quality of jaggery. Blanching of sugarcane stalks at
80 °C for 5 min inhibited enzymatic browning up to
53-55%. Clarification of juice was carried out using
organic clarificants such as aloe vera leaf extract, moringa
leaf extract at 0.1%, 0.2% and 0.3% v/v concentrations and
chemical clarificant (Hydros). The jaggery prepared using
organic clarificants, either using aloe vera or moringa leaf
extract at 0.3% concentration was found to be superior in
terms of insoluble solids, sucrose content, total phenols and
total flavonoids. The jaggery prepared using chemical
clarificants is brighter in color with low microbial load,
however, it is inferior in quality parameters such as total
phenols and flavonoids compared to jaggery prepared using
organic clarificants. Hence, the technology of jaggery
making from blanched canes using organic clarificants
may be recommended as an alternative to chemical clari-
fication to produce organic jaggery rich in bioactive
compounds.
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Introduction

Non-Centrifuged Sugar (NCS) commonly known as jag-
gery, is a famous sweetening agent, derived from sugar-
cane without undergoing chemical processing as made in
sugar production. Jaggery making is an age-old small-scale
industry flourishing in rural India creating livelihood for
many farmers. India is the world’s largest producer of
jaggery contributing about 70% of total world jaggery
production (Dilip et al. 2017). The chemical composition
of jaggery consists of sucrose (65-85%), reducing sugars
including glucose and fructose (10-15%), non-sugars such
as calcium (0.4%), magnesium and phosphorous (0.045%),
protein (0.25%) and fat (0.05%) (Rao et al. 2007). The
minerals and vitamins present in jaggery help in purifica-
tion of blood, prevents rheumatic and bile disorders, helps
to cure jaundice etc. (Singh et al. 2013). Owing to its high
therapeutic value, jaggery is called as medicinal sugar as it
was extensively used in traditional medicine from ancient
times (Karthikeyan and Samipillai 2010).

The sequential operations during jaggery preparation
include pre-cleaning of canes, juice extraction, clarifica-
tion, boiling of juice, concentration, cooling and moulding.
Of all the operations pre-cleaning of canes and clarification
of the juice are the crucial operations to maintain quality
standards. The cane after harvest consists of impurities
such as mud, roots and waxy materials on its surface. More
often, the pre-cleaning of canes is neglected by the farmers
which adversely affect the quality and color of jaggery.
Further, during jaggery making, the sugarcane juice
undergoes both enzymatic and non-enzymatic browning
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reactions resulting the end product darker in color. The
polyphenol oxidase and peroxidase enzymes present in
sugarcane juice contribute for enzymatic browning (Eq. 1)
(Tomasik et al. 1989). Immediately after extraction of
juice, enzymatic oxidation starts and continues during
boiling until the enzyme is inactivated by heat (<50 °C).
As the temperature of the juice rises, the enzymatic activity
stops and non-enzymatic reactions starts due to formation
of darker compounds such as melanoid through
caramelization and maillard reaction (Eq.2 and 3)
(Tomasik et al. 1989). Hence, to obtain jaggery of brighter
color, these browning reactions has to be arrested.
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It has been reported that, blanching of sugarcane stalks
reduce enzymatic browning and maintains the quality of
juice for longer period (Mao et al. 2007; Jittanit et al.
2011). Blanching of canes not only inhibits enzymatic
browning but also helps in efficient cleaning of canes. The
fresh sugarcane juice contains colloidal inorganic and
organic suspensions, non-sugars which are to be removed
during jaggery making by clarification process to impart
golden yellow colour to jaggery (Gangwar et al. 2015). The
efficiency of clarification affects quality as well as color of
jaggery. Generally, farmers use sodium hydrosulphite
(Hydros) as chemical clarificants, which has bleaching
action and enhances color (Rao et al. 2007). However,
many of the desired components such as polyphenols,
minerals and vitamins present in juice are lost (Hussain
et al. 2012). Moreover, the residual effect of the chemical
clarificants in jaggery poses health problems. The natural
taste and aroma of jaggery is lost due to the chemical
clarification and deteriorates faster due to inversion of
sucrose during storage (Baboo and Solomon 1995). Hence,
preparation of chemical free jaggery with brighter color is a
challenging task in the present situation. Organic
clarificants of plant origin such as mucilage of white wild
musk mallow (Hibiscus ficulneus), Okra (Hibiscus
esculentus), Castor (Recinus communis), Groundnut
(Arachis hypogea), Soybean (Glycine max), Phalsa
(Grewia asiatica), and Kydia(Kydia calycina) had
improved the quality of jaggery (Chauhan et al. 2012;
Chauhan 1972; Shakunthala and Devraj 1991;
Chikkappaiah et al. 2017a), moreover they are eco-
friendly, easily available with low cost. It was reported
that, mucilage of organic clarificants is a polysaccharide
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complex, possessing many biological activities and hence,
widely used in pharmaceuticals, therapeutics, food and
cosmetic industry (Chikkappaiah et al. 2017b). A lot of
literature is available on effect of organic clarificants on
jaggery quality; however, no scientific studies justifies the
effect of both blanching and organic clarification on
jaggery quality. Hence, the present study has been
conducted to explore the quality parameters of jaggery
prepared from blanched canes and using organic
clarificants to recommend farmers for production of
nutritional enriched chemical free jaggery with bright
colour.

Materials and Methods
Blanching and Juice Extraction

Freshly harvested canes were blanched in hot water at
80 °C for 5 min (Mao et al. 2007) allowed to cool to room
temperature and juice was extracted using three roller
horizontal sugarcane juice extractor (Model: Sharat 2A;
Make: Kirlosker Brother, Ltd., India). The weight of cane
before and after blanching was recorded; the juice yield
was calculated as amount of juice extracted to the weight
of sugarcane stalks. The total soluble solids (TSS) of
sugarcane juice were measured using portable hand
refractometer (Models PAL-1, 0-53°Brix; PAL-2,
45-93°Brix, make: Atago, Japan) having resolution of
0.1°Brix and expressed in °Brix.

Organic Clarificants Preparation

The organic clarificants selected for the study were aloe
vera leaf extract and moringa leaf extract. The clarificants
from aloe vera leaf and moringa leaf were extracted fol-
lowing the method standardized (Chikkappaiah et al.
2017b; Anonymous 2011). The extract was filtered through
muslin cloth and kept at 4 °C for further use in jaggery
preparation.

Jaggery Preparation

Matured sugarcane (Variety: 93 A 145) was selected from
the experimental plots of Regional Agricultural Research
Station, Anakapalle for preparation of jaggery (Fig. ).
About 10 L of sugarcane juice was taken from the blanched
sugarcane stalks, filtered using muslin cloth to remove
coarse impurities and used for jaggery making. Milk of
lime was added as basic clarificant to separate the scum and
also to adjust the pH of the juice from 5.2 to 5.8 while
boiling. For preparation of milk of lime, about one kg of
lime with 80-90% purity is mixed with 4 L of water and
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Fig. 1 Flow chart of jaggery
preparation using organic
clarificants
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added to the sugarcane juice at the rate of 0.6 g/l of sug-
arcane juice until the required pH is reached during jaggery
making (Rao et al. 2007). When milk of lime is added, the
chemical reaction takes place between calcium and phos-
phates present in the juice to form calcium phosphate and
this molecule carries insoluble (earth) and soluble
(chlorophyll and Xanthophylls) impurities which are
removed as scum. In order to improve the settling and
compaction of these coagulates, natural or synthetic floc-
culants are added in addition to milk of lime. Instead of
using synthetic flocculants which may be toxic, organic
clarificants were identified and added at different concen-
trations (0.1%, 0.2% and 0.3%). The moringa leaf and seed
extract are widely used for the treatment of water to pre-
cipitate soluble and insoluble impurities and reduces
microbial load (Costa et al. 2014). Similarly, many scien-
tific studies reported the application of aloe vera in cos-
metic-moisturizers, toothpastes and in food industry as
flavoring compounds or preservative of fresh products and
in medicine of humans or animals (Christaki and Florou-
Paneri 2010). Aloe vera also possess many properties such

as anti-inflammatory, immunity, antidiabetic, antioxidant,
laxative, antibacterial, antifungal, antiviral and antitumor
effects. The aloe vera juice extract forms as mucilage and
added to juice during boiling, the albumins present in the
mucilage, coagulates and carries the colloidal and sus-
pended impurities present in the juice to form as scum.
Hence, the organic clarificants, i.e., moringa leaf extract
and aloe vera leaf extract, were selected during jaggery
production. During jaggery prepartion, milk of lime is
added in two splits, the first split being added during initial
juice boiling and the second split after one hour of boiling.
The impurities present in the juice will float to the surface
as scum and removed manually time to time. To further
accelerate the coagulation of impurities, the organic clari-
ficant at different concentrations (0.1%, 0.2% and 0.3%)
was added to the juice in the last stage of boiling, i.e., two
hours after boiling. The juice was allowed to boil until the
water in the sugarcane juice gets evaporated to get con-
centrated product of brix 85° and temperature of 118 °C
was attained. The concentrated jaggery syrup was unloaded
and allowed to cool and moulded into desired shapes. In
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a) 0.1,0.2 and 0.3%
Aloe vera

b) 0.1, 0.2 and 0.3%
moringa leaf

Fig. 2 Jaggery prepared using clarificants at different concentrations

the entire process, the amount of scum removed and jag-
gery recovery for each boiling was recorded. For prepara-
tion of jaggery using chemical clarificant, in addition to
lime, sodium hydrogen sulphite is added (@ 5 g per 10 L
of juice. For control sample, jaggery is prepared from
unblanched canes and lime alone was added as clarificant.
The jaggery obtained from all treatments (Fig. 2) was used
for quality analysis.

Measurement of Physico-Chemical Properties
Determination of Enzymatic Activity

The estimation of polyphenol oxidase (PPO) and peroxi-
dase (POD) enzymes contributing enzymatic browning of
sugarcane juice was done using the extract obtained from
the sample. The extraction solution was prepared by the
method suggested by Sreedevi et al. (2018) PPO assay was
performed by adding 1.55 ml of 0.05 M potassium phos-
phate buffer (pH-7.0) to a mixture containing 1.25 ml of
0.1 M catechol and 200 pl of sugarcane juice extract. The
absorbance of the assay mixture was measured at 420 nm
for 10 min. using UV-visible spectrophotometer (Model:
UV1700; Make: Shimadzu Corp, Kyoto, Japan). The rate
of reaction was calculated from the linear slope of activity
curves.

POD assay was performed by adding 2.42 ml of 0.05 M
potassium phosphate buffer (pH-7.0) to a mixture con-
taining 320 pl of 5% catechol, 160 pl of 0.5% H,O, and
100 pl of enzyme extract. The absorbance of the mixture
was measured for 10 min at 420 nm and percent inacti-
vation of POD was calculated similar to PPO inactivation
calculations.
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Color Determination

The color of the sugarcane juice and jaggery was measured
using portable colorimeter (Model: Spectro-guide 45/0
gloss; Make: BYK Gardner, Geretsried, Germany) cali-
brated against a white and black tile. The values of L*, a*
and b* were taken at three different places of the jaggery
samples and the average of the three readings was recor-
ded. The color of the sample is expressed in CIE scale
(Commission Internationale de I'Echairages) in terms of
L*, a* and b*, where L* denotes lightness, a* indicates
red/green value and b* denotes yellow/blue value.

Estimation of Insoluble Solids

The insoluble solids of jaggery were determined as per
procedure given by Ranganna (1986). About ten grams of
jaggery was mixed with 100 ml of distilled water and
heated. When boiling starts, the heating was stopped;
solution was cooled and filtered through sintered glass
filter. The filtrate was dried in an oven at 135 °C and
weighted until constant weight is obtained. Then, the
weight of insoluble solids was expressed on percentage dry
basis.

Determination of Moisture Content

The moisture content of jaggery samples were determined
by gravimetric method as per AOAC (1990). About 5 g of
jaggery sample was taken in aluminum box and the sample
is dried in oven at 70 °C for 6-8 h. The sample is taken out
and cooled in desiccator and loss in weight is reported. The
process is repeated until constant weight of the sample is
obtained. The loss in weight was calculated as moisture
content of the sample expressed in percentage dry basis.
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Estimation of Sulphur Content

The sulphur content of jaggery samples were estimated by
titration method (Henshall 2012). About 22.4 g of jaggery
was dissolved in 250 ml of distilled water to prepare N/2
jaggery solution. Then 10 mL of N/2 jaggery solution was
dissolved in 40 ml of distilled water and titrated with 0.1 N
potassium iodide solution until the end point of bluish color
appears.
SO, (ppm) = 123.075 x Titration value.

Estimation of Sucrose and Reducing Sugars

The percent sucrose of samples was recorded using
polarimeter (Antanpaar, Model: MCP 500 Sucromat). The
percent reducing sugars are estimated by Lane and Eynon
method using Fehling A and Fehling B solutions based on
the principle of reduction of Fehling’s solution by reducing
sugars (Lane and Eynon 1923).

Estimation of Phenol Content

Total phenol content of the jaggery samples were estimated
using Folin-Ciocalteu method (Singleton et al. 1999).
About 100 pl of 5% of jaggery sample was mixed with
900 Wl of distilled water and 1 ml of FCR reagent (1:2 v/v),
then 2 mL of 10% sodium carbonate was added. The
solution was mixed well using vortex meter and kept in
dark for 30 min for incubation, then the absorbance of the
solution was noted using Spectrophotometer (Make: Elico,
Model:SL27VIS spectrophotometer) at 765 nm. The stan-
dard curve is prepared using Gallic acid at different con-
centrations and the total phenol content was expressed in
Gallic acid equivalent in microgram per gram of jaggery.

Estimation of Total Flavonoid Content

Total flavonoid content of jaggery samples were estimated
using aluminium chloride following the method of Chang
et al. (2002). About 200 pl of 5% jaggery sample was
made up to 2 ml with distilled water. To it 100 pl of 10%
sodium chloride and 100 pl of 0.5 ml of 1 M potassium
acetate were added followed by vortex. The solution is then
incubated for 30 min and the transmittance was recorded
using spectrophotometer at 415 nm. The standard curve
using quercetin at different concentrations was prepared,
and then total flavonoid content of the sample is then
expressed as quercetin equivalent (QE) micrograms/g of

jaggery.

Microbial Analysis

The microbial analysis of jaggery samples was evaluated
for aerobic mesophiles (AM), yeasts and mold (YM)
counts using the serial dilution pour plate method (APHA
2001). The nutrient agar and potato dextrose agar were
used as the growth media for the AM and YM, respec-
tively. All the media were procured from HIMEDIA®,
India (HiMedia Laboratories Pvt. Ltd., India). The corre-
sponding incubation conditions for the microbial growth
(AM and YM) were 37 °C/24-36 h, 37 °C/18-24 h,
respectively. All the samples were analyzed in triplicate
and the mean (n = 3) data expressed as total count.

Statistical Analysis

The jaggery was prepared at different concentrations of
clarificants and for each treatment was repeated three times
and the quality parameters were recorded. The average of
three reading was calculated and expressed as mean =+ s-
tandard deviations. SPSS software version 2.0 (IBM SPSS
Statistics, USA) is used to carry out the significance tests
viz. Fisher’s least significance difference (LSD) and
Tukey’s HSD test at 95% confidence interval for all the
attributes under study.

Results and Discussion
Effect of Blanching on Quality of Sugarcane Juice

The color and enzymatic activity of sugarcane juice after
blanching the sugarcane stalks is tabulated in Table 1.
There is insignificant difference in TSS and juice yield due
to blanching. However, there is significant improvement in
juice color after blanching as observed from L*, a* and b*
values. The L* value represents lightness of the juice, has
increased two folds after blanching compared to unblan-
ched cane juice. Decrease in a* and increase in b* values of
juice from blanched cane represents improvement in green
and yellow color, respectively. This might be due to
inactivation of PPO and POD enzymes which causes
browning effect in juices (Mao et al. 2007). The blanching
of sugarcane stalks has reduced the PPO and POD activity
to 55 and 53%, respectively (Table 1). Of the two enzymes,
POD is reported to be heat resistant enzyme compared to
PPO. Blanching of canes thus not only improved the color
but also helps cleaning the cane for hygienic production of

jaggery.
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Table 1 Characteristics of sugarcane juice before and after blanching

S.No Parameter Without blanching With blanching
1 Cane weight(kg) 100 £ 5.5 95 4 5.3*
2 Juice yield(L) 63 + 2.3 60 + 2.5*
3 TSS (°Brix) 21.7% 19.2*
4 Color
L* 30 £ 2° 72 £ 3°
ax 7+ 1° -1 +£08°
b* 24 + 3° 34 +2°
5 PPO inactivation (%) 100 555 + 3.5°
6 POD inactivation (%) 100* 53.8 +3.2°

Values are reported as mean =+ standard deviation (N = 3)

Jaggery Recovery and Scum Removed

The jaggery recovery and scum removed during jaggery
preparation using different clarificants are presented in
Table 2. It was observed that, the scum removal is high in
all treatments where organic clarificants were used when
compared to control and chemical clarification. However,
no significant difference was observed in scum removal
among the organic clarification treatments. The jaggery
prepared using aloe vera with 0.3% recorded highest scum
removal (4.06%), whereas lowest is recorded for chemical
clarificant (2.69%). Addition of organic clarificants during
boiling causes coagulation of colloidal and suspended
impurities present in the juice and forms as scum on the
surface which was removed. During chemical clarification,
due to bleaching action of hydros, bright color is obtained
and the impurities got dissolved in to the juice resulting
low scum yield. Similar results of high scum removal with
addition of organic clarificants were reported by
Chikkappaiah et al. (2017b) during jaggery preparation
using plant mucilage as clarificants. The quality of jaggery

directly depends on the quantity of scum removed during
clarification, more the scum removal; the brighter will be
jaggery color. The jaggery recovery varied from 9.81 to
10.75% in different treatments under study. However,
jaggery yield under different treatments was insignificant at
5% confidence level. It was observed that the addition of
organic clarificants has reduced the processing time sig-
nificantly during jaggery preparation compared to control
(Table 2). However, no change in consistency of juice is
recorded with addition of these clarificants. The organic
clarificant accelerates the coagulation of impurities result-
ing in more scum removal and enhanced vigorous juice
heating thus reducing the jaggery processing time. Also,
reduction in processing time avoids caramelization of
sugars which adversely affect the color and quality of

jaggery.
Variation in Physical Properties of Jaggery

The physical properties such as color, total insoluble solids
and moisture content of jaggery prepared using different

Table 2 Effect of different clarificants on scum separation and jaggery yield

S.No. Treatment Scum removed (%) Jaggery yield (%) Processing time (min)
1 Aloe vera (0.1%) 393 +£0.1* 9.94 + 0.7% 166 + 2.0°*°

2 Aloe vera (0.2%) 3.94 4+ 0.2% 9.88 + 0.6" 166 + 3.0%

3 Aloe vera (0.3%) 4.06 + 0.2° 9.81 + 0.6" 160 + 2.0°

4 Moringaleaf extract (0.1%) 377 £ 0.1* 10.16 £+ 0.8 168 + 2.0°

5 Moringaleaf extract (0.2%) 3.84 £ 0.1° 10.06 + 0.7* 166 + 3.0°°°

6 Moringaleaf extract (0.3%) 3.88 £ 0.2° 10.0 &+ 0.7% 162 + 2.0

7 Control 334 +£0.1° 10.13 + 0.8 175 + 3.0°

8 Chemical clarification 2.69 + 0.1° 10.75 4+ 0.8% 172 + 2.0¢¢

Alphabets in small letters (a,b,c,d,e) in the superscripts denote that the mean values are statistically different within the column at p < 0.05
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clarificants are presented in Table 3. Color of the jaggery
plays vital role as consumer’s preference and marketability
of jaggery mainly depends on it. The values of L* and b*
increased significantly with increase in concentration of
both the organic clarificants. It was observed that, the L*
representing lightness was recorded high in chemically
clarified jaggery (51.2) followed by organic clarified jag-
gery with 0.3% aloe vera (48.5). Also, the L* values
increased significantly in organic clarified jaggery com-
pared to control. The higher values of b* indicating yel-
lowness of the jaggery, was recorded high in chemical
clarified jaggery (23.4). Thus, it can be reported that, the
jaggery prepared using chemical clarificant possess yellow
color which may be due to the bleaching action of sodium
hydro sulphite. It was reported that hydros which was
added as chemical clarificant is a strong reducing agent and
reduces colored quinones into colourless phenols (McEvily
et al. 1992; Lambrecht 1995).

The insoluble solids percent was recorded less than 2%
in jaggery prepared using organic clarificants. Addition of
organic clarificants helps in effective removal of insoluble
solids from the sugarcane juice compared to control
(2.75%) and chemical clarificant (2.86%). According to
Bureau of Indian Standards (1990), the insoluble solids
should be less than 1.5% for Grade-I and less than 2.0% for
Grade-II jaggery. It was also observed that, the total
insoluble solids in jaggery decreased significantly with
increase in concentration of organic clarificants which is
similar to results reported by Chikkappaiah et al. (2017a).
The high concentration of organic clarificants helped in
removal of more impurities and hence recorded low
insoluble solids in jaggery. The moisture content plays vital
role in shelf-life enhancement during storage and varied
from 3.75 to 4.81 (%, d.b.) with highest value recorded for
jaggery prepared using chemical clarificant. Among the
treatments, the jaggery prepared using aloe vera (0.3%)
recorded lowest moisture content (3.75%) indicating the

Table 3 Variation in physical properties of jaggery

more shelf life. Impurities present in the jaggery enhances
the moisture holding capacity hence, reported the higher
moisture content in control and chemical -clarificant
treatments.

Variation in Biochemical Parameters of Jaggery

The biochemical parameters such as sucrose, reducing
sugars and SO, present in jaggery were studied (Table 4).
The sucrose and reducing sugars are important factors that
govern the grading of jaggery. Reducing sugars of the
jaggery varied from 7.9 to 11.8%. It was observed that, the
organic clarified jaggery falls under grade-I as the reducing
sugar are below 10% according to Bureau of Indian Stan-
dards (1990), whereas the corresponding value for the
chemical clarificant jaggery is 11.8 (Table 4). Similar
results were reported by Chikkappaiah et al. (2017a) during
jaggery preparation using plant mucilage. The reducing
sugars will adversely affect the quality due to its hygro-
scopic nature and cannot be stable for longer period
(Verma and Narain 1990). There was insignificant effect on
sucrose content of jaggery due to blanching and organic
clarification. The sucrose content of jaggery prepared using
organic clarificants was in the range of 81.2-84.6%, indi-
cating Grade-I jaggery (Bureau of Indian Standards 1990).
Among all treatments, the chemically clarified jaggery
noticed low sucrose content (78.5%) which falls under
Grade-II, while jaggery prepared with aloe vera (0.3%)
noticed high sucrose content (84.6%). Hence, it is clearly
evident that addition of organic clarificants improved the
purity of jaggery as indicated by high values of sucrose
content which was due to effective removal of impurities.

The sulphur dioxide content in the jaggery varied from
30.1 to 93.5 ppm. Among the treatments, the jaggery pre-
pared using organic clarificants and control sample has
sulphur dioxide content within the permissible limit of
50 ppm according to Indian standards, whereas the

S.No. Treatment L* a* b* Insoluble solids (%) Moisture content (%, d.b.)
1 Aloevera (0.1%) 425+ 15 610+ 02" 114+05  1.57 £ 0.03° 4.66 + 0.05°
2 Aloevera (0.2%) 46.6 £ 1.7° 672+ 03 1234 04™ 134 +0.04° 4.33 £ 0.04°
3 Aloevera (0.3%) 485+ 13 874402 165+£05  1.154 0.04* 4.15 £ 0.05
4 Moringa leaf extract (0.1%)  44.8 £ 1.1 6.67 £ 0.1°> 124 £ 04™  1.85 4 0.05¢ 471 £ 0.05¢
5 Moringa leaf extract (0.2%)  45.5 £ 12° 740 4+ 02° 13.7+0.7°  1.67 &+ 0.05° 438 +0.04°
6 Moringa leaf extract (0.3%)  46.1 + 1.8  8.39 4+ 0.1 152 +£0.8°  1.32 4 0.04° 428 + 0.05°
7 Control 413 + 1.2° 8.16 £ 03¢ 12.8 £04™  2.75 4 0.05° 4.81 + 0.06
8 Chemical clarification 51.2 + 1.8¢ 7.6+ 04° 234 +06°  2.86 £ 0.05 478 + 0.06°

Alphabets in small letters (a—f) in the superscripts denote that the mean values are statistically different within the column at p < 0.05
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Table 4 Biochemical and microbial qualities of jaggery

S.No  Treatment Sucrose % Reducing sugars % S0, ppm Total bacterial count (10™%)  Fungal count
1 Aloevera(0.1%) 82.2 +3.1° 8.6 + 0.4° 36.1 £ 12" 68 £5° ND
2 Aloevera (0.2%) 83.4 + 2.5° 8.1 + 0.4° 30.1 + 1.5 39 +3° ND
3 Aloevera (0.3%) 84.6 + 2.2° 7.9 £ 0.3* 31.8 4+ 1.1 47 £3.5° ND
4 Moringa leaf extract (0.1%)  82.4 + 3.2* 8.9 + 0.4° 41.1 £2.3% 38 +£24° ND
5 Moringa leaf extract (0.2%) 82.8 +2.5% 8.4 + 0.3 35.8 £2.0* 40 £ 3.5° ND
6 Moringa leaf extract (0.3%) 83.8 &+ 3.0° 8.1 £0.2° 338+ 1.8 45+ 52° ND
7 Control 81.5£22* 98405 307 +£ 1.8° 91 + 6.5¢ ND
8 Chemical clarification 78.5 £ 2.1* 11.8 £ 0.5° 935+ 43" 55 +45° ND

Alphabets in small letters (a—d) in the superscripts denote that the mean values are statistically different within the column at p < 0.05. ND not

detected

chemically clarified jaggery recorded higher sulphur
dioxide of 93.5 ppm. This might be due to addition of
sodium hydrogen sulphite as clarificant. It was already
reported that, the excess use of chemicals during jaggery
preparation results in salty taste with low shelf-life and the
residual sulphur is harmful to health (Rajesh et al. 2016).
The total flavanoid content of jaggery prepared from
organic clarificants recorded high compared to chemically
clarified jaggery and control (Fig. 3a). The total flavonoids
content of the jaggery has increased significantly with
increase in concentration of clarificant. The highest value
of total flavonoids was recorded for jaggery treated with
0.3% aloe vera (1220 pg QE/g), whereas lowest values
observed with chemical clarified jaggery (320 pg QE/g).
The results were in agreement with Nayaka et al. (2018a)
reporting high flavonoid content in jaggery prepared using
organic clarificants. Similarly, the total phenols were
reported to be high in jaggery prepared using organic
clarificants compared to chemically clarified jaggery
(Fig. 3b). The total phenols of the jaggery under study
ranged from 5976 to 6584 pg GAE/g with highest value
recorded for jaggery prepared using moringa leaf extract
(0.3%). Moringa tree is considered to be the miracle tree in
the world as each part of it was well utilized for food,
medical and industrial purpose. It was reported that mor-
inga leaf extract has antioxidant activity both in vitro and
in vivo due to the presence of phenolic acids and flavonoids
(Vongsak et al. 2013). Similarly, different parts of aloe
vera, namely peel, gel, flowers and roots, were rich in
phenolic compounds and several flavonoids (Quispe et al.
2018). This might be the reason for high values of flavo-
noids and phenols in jaggery prepared with aloe vera and
moringa leaf extract as clarificants. Also, aloe vera leaf gel
was reported to be a natural flocculant and eliminates tur-
bidity and suspended solids with efficiency of 72 and 91%,
respectively, in surface water clarification as reported by
Nougbode et al. (2016). Hence, clarification of sugarcane
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Fig. 3 a Total Flavonoid content and b Total Phenolic content of
jaggery samples prepared using clarificants at different concentra-
tions. Alphabets in small letters (a—d) in the superscripts denote that
the mean values are statistically different within the column at
p < 0.05

juice with aloe vera leaf extract resulted in effective
removal of insoluble solids.

The jaggery prepared using chemical clarificants
exhibited pale yellow color which is a temporary
enhancement in physical appearance but indiscriminate use
of this chemical resulted in deposition of residual sulphur
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which is very much harmful. Also, the use of chemical
clarificant resulted in inefficient removal of impurities with
low sucrose percent and comes under Grade -II.
Polyphenols have proved to affect the health positively
(Jaffe 2012). However, addition of hydros during jaggery
making has significantly reduced the polyphenol content.
Similar results of reduction in polyphenols and flavonoids
were reported for jaggery prepared using hydros as clarif-
icant (Verma et al. 2019). The addition of organic clarifi-
cant not only improves the efficiency in clarification of
juice during jaggery production but also increased bioac-
tive compounds such as flavonoids and total phenols.

The microbial analysis of jaggery showed that jaggery
prepared using organic clarificants recorded low bacterial
count compared to control (Table 4). No fungal growth is
observed in jaggery samples prepared with or without
organic clarificant. Blanching of canes leads to microbial
safe and clean juice during jaggery production. Hence,
blanching of canes by mechanical means can be recom-
mended for large scale production of jaggery. Among all
treatments, jaggery prepared using hydros as clarificant
recorded lowest bacterial count. It was reported that hydros
is used in food and beverage industries as a preservative
against microbial growth and helps in inhibiting browning
reactions, such as phenol oxidation and Maillard reactions
(Verma et al. 2019). Hence, the chemical clarified jaggery
recorded low microbial load with bright color. However,
the high SO, content and low phenolic and flavonoids
recorded in chemically clarified jaggery leads to production
of inferior quality jaggery. Hence, for quality jaggery
making, blanching of canes followed by clarification either
with aloe vera or moringa leaf extract at 0.3% was rec-
ommended. The use of aleo vera in functional foods
especially for the preparation of health drinks including
milk, ice cream, confectionery, etc. with no laxative effects
has been increasing. The high protein content and richness
in vitamins and minerals in, Moringa oleifera is often
promoted as a promising plant to fight against malnutrition.
With changing times and conditions due to covid pan-
demic, the perception and awareness of the people towards
usage of chemical free, nutritional rich products is gaining
wide popularity worldwide. This paves a way for intro-
duction of organic clarificants such as moringa and aloe
vera leaf extract in the production of jaggery which not
only enhances nutritional value but also fetches premium
price to the farmers. However, further studies need to be
done to access the shelf-life of jaggery prepared using
organic clarificants. It was already reported that jaggery
prepared using aloe vera, malabar spinach and purslane
plant mucilage clarificants showed lesser changes in
physicochemical, microbial as well as sensory character-
istics compared to control jaggery during shelf-life studies
for 6 months (Nayaka et al. 2018b). The Food Safety and

standard authority of India (FSSAI) has mentioned the
regulatory standards for jaggery making and specified the
limit for usage of chemical clarificant. However, the usage
of organic clarificants during jaggery making was not
specified in FSSAI standards which need to be studied
further and implemented. Hence, it is very much essential
to renew the traditional method of jaggery production using
hazardous chemical clarificants with plant based
clarificants.

Conclusion

Blanching of sugarcane stalks resulted in controlling
enzymatic browning and removal of extraneous impurities
in sugarcane juice. Jaggery prepared using organic clarifi-
cants resulted in efficient removal of impurities and comes
under Grade-I, whereas chemical clarified jaggery falls
under Grade-II. The jaggery prepared using aloe vera or
moringa leaf extract (0.3%) resulted rich in bioactive
compounds such as phenols and flavonoids. Though
chemically clarified jaggery exhibits yellow color, it is
inferior to organic clarified jaggery in terms of quality
parameters. The study supplements the standardization of
process technology for jaggery making using organic
clarificants. The future work will concentrate on the sta-
bility of jaggery prepared using organic clarificants during
storage.
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