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Abstract

Jushanda (decoction), often used in traditional medicine, has many drawbacks like disagree-
able taste, bulky dose, cumbersome preparation, and short stability. Therefore, in the pres-
ent study, jushanda nazla (JN) was modified and optimized into a sugar-based (SBS) and 
sugar-free (SFS) syrup dosage form and evaluated for various physicochemical parameters, 
microbial contaminations and antimicrobial activities. JN was concentrated and reduced to 
minimum quantity by heating and twelve batches of SBS and five batches of SFS were 
prepared for optimization. Out of these, the best batch of SBS and SFS were selected based 
on consistency and minimum bulk. The best batches were further evaluated for the physico-
chemical parameter, microbial and heavy metal contamination. The finished products were 
also evaluated for antimicrobial activity against selected microbes. SBS was optimized with 
170 mL JN reduced to 50 mL, sugar 40% (w/v) and consistency of one wire. SFS was op-
timized with 170 mL JN reduced to 30 mL, and 96 mg of aspartame. Organoleptic charac-
ters, ash value, viscosity, specific gravity and pH of finished products were satisfactory. The 
concentration of total phenolic, flavonoid, tannin, alkaloid and glycyrrhizin and chlorogenic 
acid were comparative in JN, SBS and SFS. SBS and SFS passed the WHO guideline for mi-
crobial and heavy metal contamination. Finished products showed significant antimicrobial 
activity against Streptococcus pyogenes, Streptococcus pneumoniae, Haemophilus influen-
zae and Salmonella. Analytical data of SBS and SFS showed significant optimistic results 
hence, generated data can be used for future reference. However, developed formulations 
should be further evaluated for their stability, safety and clinical efficacy.
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Introduction
Drugs rarely occur in nature in their useful form. 
Most of the time drug substances are required 
to be converted into a specific dosage form to 
make it palatable according to patients’ require-
ments and disease conditions. Organoleptic 
characters of a dosage form and availability of 
the same drug in the different dosage forms play 
a very important role in patient compliance and 
for consistent use of a drug for successful com-
pletion of the treatment course [1].
In the traditional system of medicine, espe-
cially in the upper and lower respiratory tract 
disorders and during munzij wa mushil (body 
detoxification) therapy, drugs are given in the 
form of jushanda (decoction). To prepare this 
dosage form plant materials are soaked in the 
water overnight Cordia myxa L. and then boiled 
to extract plant material in the water. Though, 
jushanda has some advantages like containing 
active/required ingredients of plant material in 
dissolved form in water and quick absorption. 
On the other hand, it has many drawbacks like 
it often has a unpleasant taste and has to be tak-
en in large quantity. Jushanda has to be freshly 
prepared every time before use, as it has a very 
short shelf life and is highly vulnerable to mi-
crobial contamination. Furthermore, the raw in-
gredients of the jushanda formulation are bulky 
and should be dispensed in paper cover or poly-
thene bag. Therefore, patients’ compliance with 
jushanda is very low [2].
Jushanda may be modified into sharbat (syr-
up), a dosage form commonly used in Unani 
medicine. In comparison to jushanda, sharbat 
possesses remarkable taste-masking properties 

for bitter drugs, as it contains sugar as a sweet-
ening agent and flavours. The syrup is readily 
acceptable by children, old age patients and 
nauseous persons [3]. It is more portable than 
jushanda due to comparatively lesser bulk and 
has a higher shelf life. 
Sugar-based syrups (SBS) are in use since an-
cient times in traditional medicine and jushan-
da formulation can be easily modified into SBS.  
However, this concept is not compatible with 
the present emerging disease scenario related 
to diabetes and lifestyle diseases. Current di-
abetic studies are disappointing in view of the 
sugar-based syrups dosage form as sharbat 
prepared with classical Unani method usually 
contains more than 65% sugar. Hence, diabetic 
patients or patients on restricted calorie intake 
cannot take this dosage form [4]. Additionally, 
SBS may cause dental carries and diminish oral 
hygiene. Furthermore, many people do not like 
very sweet taste [5].
So, there is an immense need to formulate low 
calorie or sugar-free syrup (SFS) for the formu-
lations used in the form of jushanda. 
Jushanda nazla (JN) is one such formulation 
commonly used in Unani medicine since an-
cient times to treat upper respiratory tract infec-
tions, allergic upper respiratory disorders and 
influenza. These are the most prevalent upper 
respiratory tract disorders in the general popula-
tion [6]. Adults may experience common colds 
2-5 times per year, and children may experience 
7-10 colds per year [7]. Owing to the high inci-
dence, especially among children, common cold 
creates a significant economic and social burden 
and is the most important cause for individuals 
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missing from work and school [6]. 
Many over-the-counter and prescription-based 
medications are available in the conventional 
system of medicine to treat this disease. How-
ever, many drugs are found ineffective or have a 
strong adverse effect especially in children, in-
cluding dryness of the mouth due to anticholin-
ergic effects, sedation, paradoxical excitation, 
respiratory depression, nausea, vomiting and 
abdominal pain [8]. 
Therefore, frequently physicians and patients 
turn towards alternative medicine to treat this 
common problem. 
In the present study, SBS and SFS dosage 
forms were developed with the JN. Aspartame 
was used as a sweetening agent in SFS. Phys-
ico-chemical standardization of prepared SBS 
and SFS were carried out and compared with 
the original dosage form i.e. JN. Also, the anti-
bacterial activity of all three dosage forms was 
evaluated against gram-positive and negative 
bacteria.

Materials and Methods

Procurement of raw drugs
The ingredients of formulation were procured 
from herbalist/raw drug dealer at Bengaluru, 
Karnataka, India during April and May 2017. 
Plant materials were identified and authenticat-
ed by Pharmacognosist, Dept. of Pharmacogno-
sy, Centre for Repository of Medical Resourc-
es (C-RMR), Trans-Disciplinary University 
(TDU) under FRLHT, Bengaluru. (Accession 
number 4591, 4592, 4593, 4594). Purchased 
plant materials were cleaned from impurities 

and dirt and stored in airtight containers.

Ingredients of jushanda nazla
Baheedana (Cydonia oblonga Mill) seeds 3 g, 
aslussoos (Glycyrrhiza glabra L.) root 6 g, un-
nab (Ziziphus jujuba Mill.) fruits 7 nos. (about 
7 g), sapistan (Cordia myxa L.) fruits 20 nos. 
(about 10 g), and water 340 mL [9]. 

Preparation of JN
All the ingredients (in proportion as mentioned 
above) except baheedana were crushed and 
soaked in sterile water overnight. It was boiled 
in the morning at low flame until reduced to 
half. Baheedana was soaked in distilled water 
overnight alone and its mucilage was separated 
in the morning by manual scrubbing. Mucilage 
was added to the prepared decoction at the end 
and mixed rigorously [9].
The liquid was filtered through muslin cot-
ton cloth and allowed to cool. After cooling at 
room temperature decoction (JN) was stored 
in an airtight amber colour glass bottle in the 
fridge below 4 ºC temperature and used for the 
preparation of various batches of SBS and SFS 
and their analytical tests. Prepared JN was used 
within 3 days period. 

Preparation of sugar-based syrup
To prepare the SBS, JN was concentrated and 
reduced to a minimum quantity by heating and 
evaporation on low flame. Sugar was added af-
ter the specific volume of JN was achieved. The 
consistency of SBS was maintained as men-
tioned in classical Unani literature [10]. Sodium 
benzoate 0.2% and citric acid 0.2% were added 
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at the end of the process as a preservative [11]. 
The finished SBS was stored in amber colour, 
dry air-tight and sterile glass bottle at room tem-
perature. 

Preparation of sugar-free syrup
To prepare the SFS, JN was concentrated and 
reduced to the minimum possible quantity till it 
approaches the sharbat like consistency by heat-

ing and evaporation at low flame. As soon as the 
specific consistency of sharbat was achieved, 
aspartame was added considering its potency 
1:200 in comparison to sugar/sucrose [12]. So-
dium benzoate 0.2% and citric acid 0.2% were 
added at the end of the process as a preserva-
tive. After cooling at room temperature finished 
SFS was stored in an amber colour, dry sterile 
and air-tight glass bottle at room temperature.

 

Figure 1. Preparation of jushanda nazla and its syrup; A) Ingredients of jushanda nazla, B) Ingredients crushed for 
the preparation of jushanda nazla, C) Prepared jushanda nazla, sugar based syrup and sugar free syrup
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Optimization of the finished product
SBS and SFS were optimized for:  1) minimum 
dosage unit by reducing it to minimum bulk and 
2) viscosity. The bulk was reduced and viscosity 
was increased in geometric progression by heat-
ing and evaporation and multiple batches were 
prepared. Out of these batches, the best batch 
was selected based on minimum bulk, suitable 
consistency and viscosity.  Consistency and vis-
cosity were fixed by the classical parameter and 
Brookfield viscometer. Syrup giving one wire 
when a drop of syrup kept between thumb and 
index finger than compressed and removed or at 
the end of ladling; and drop of sharbat should 
not spread when kept on the smooth surface and 
maintain spherical shape were taken as a classi-
cal parameter to assess the consistency of SBS 
and SFS as per the classical method. 

Evaluation parameters

Organoleptic characters
The appearance was recorded according to 
consistency, whether it was semisolid, liquid, 
homogenous, crystallization, sedimentation. 
The colour of the finished product was decided 
by using a Pantone colour chart and a specific 
number/code was assigned along with the co-
lour name [13]. 
To evaluate the odour 50 mL sample was kept in 
a beaker. Samples were examined by slow and 
repeated inhalation of air over the material af-
ter taking a few deep breaths in the fresh open 
air. First, the strength (graded as none, weak, 
moderate distinct and strong) and then quality 
(assigned as aromatic, fruity, musty, mouldy, 

rusty, pungent) of the odour was determined. 
The taste was evaluated after cleaning the 
mouth a few times with plain drinking water. 
The sample was placed on the tongue and first 
its strength (graded as weak, distinct, strong) 
and then quality like sweet, bitter, pungent, oily 
was evaluated [14].

Physico-chemical evaluation 
All test samples were evaluated for ash value 
(total ash, water-soluble ash, and acid insoluble 
ash), viscosity, specific gravity, pH (in pH of 1% 
and 10% solution) [15]. Under preliminary phy-
tochemical tests for organic constituents, total 
alkaloids, proteins, glycosides flavonoids, tan-
nins, phenols, carbohydrate [16], phytosterols/
terpenes, diterpenes [17], quinones, anthraqui-
nones and coumarins [18] were carried out.

Quantitative analysis
Total sugar: Spectrophotometric method using 
anthron reagent was employed for estimation of 
total sugar present in decoction, SBS, and SFS 
free syrup. H2SO4 solution (75%) was prepared 
a day before the experiment (500 mL volumet-
ric flask containing 100 mL of DDW placed in 
an ice bath on magnetic stir and adding 390 mL 
of 95-97% H2SO4 in volumetric flask slowly 
and carefully, after cooling down the volume 
was adjusted to 500 mL with DDW). Glucose 
standard solution was prepared by dissolving 
0.05 g glucose with 500 mL DDW (stock solu-
tion). The final stock concentration was 100 mg 
glucose/litre.
Different aliquots of standard glucose (200 µg/
mL) were taken in different test tubes and the 
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volume was made up to 1 mL with distilled wa-
ter in all the test tubes. Later, 4 mL of anthrone 
reagent (200 mg of anthrone in 100 mL of 95% 
sulphuric acid in ice cold condition) was added 
to all the tubes and incubated in a boiling water 
bath for 8 minutes and cooled rapidly. The ab-
sorbance was read at 630 nm. The test samples
were also processed similarly by taking 100 µL 
of the sample. The standard graph was plotted 
and the amount of carbohydrates in each sample 
was calculated [19].
Reducing sugar: Spectrophotometric method 
was used for the estimation of reducing sugar 
of the finished product. Dinitro salicylic acid 
(DNS) (1 g) was dissolved in 50 mL of 2N 
NaOH and 40 g of sodium-potassium tartrate 
was dissolved in 100 mL of distilled water. 
Both solutions were mixed well and the volume 
was increased up to 250 mL using distilled wa-
ter. The stock solution was prepared with 100 
mg of glucose dissolved in 100 mL of distilled 
water and made up to the volume of 1000 mL. 
The concentration of glucose in the stock solu-
tion was 1 mg/mL. In one test-tube blank sam-
ple was prepared, and in other test-tube work-
ing standard solution was taken in 0.2, 0.4,0.6, 
0.8, and 1 mL and made up to 1 mL by adding 
the required amount of distilled water. To pre-
pare the test sample, 1 g SBS was taken into a 
200 mL flask and made up to the volume using 
DDW. The test sample of SFS was prepared by 
taking 1 g syrup in a 20 mL flask and made up 
to the volume using DDW. Samples were dis-
solved, filtered and 0.2 mL of filtrate was taken 
in the 7th test tube. Then 3 mL DNS reagent 
was added to all test tubes to react and 5 mL of 

distilled water was added to all the test tubes. It 
was boiled in the water bath for 15 minutes and 
cooled. Absorbance was measured at 540 nm. 
The concentration of reducing sugar was calcu-
lated by the graph plotted against the concentra-
tion of glucose and optical density at the X and 
Y axis respectively [20].
Total phenolics: The amount of phenolic com-
pound in the test samples was determined by 
Folin-Ciocalteu reagent method with some 
modifications. 2.5 mL of 10% Folin Ciocalteu 
reagent and 2 mL of 2% solution of Na2CO3 

was added to 1 mL of the test drug. The result-
ing mixture was incubated for 15 minutes at 
room temperature. The absorbance of the sam-
ple was measured at 765 nm. Gallic acid was 
used as standard (1 mg/mL). The results were 
determined from the standard curve and were 
expressed as gallic acid equivalent mg/g of test 
sample [21].
Total flavonoids: The aluminium chloride colo-
rimetric assay was used for total flavonoids de-
termination. The test drug (100 µL) was mixed 
with 2.5 mL of distilled water and 300 µL of 5% 
sodium nitrate. Then, it was incubated at room 
temperature for 5 minutes and 300 µL of 10% 
aluminium chloride, 2 mL of 1 M sodium hy-
droxide and 1 mL of distilled water were added. 
Then, the absorbance of the reaction mixture 
was measured at 512 nm, along with the stan-
dard quercetin and blank. The total flavonoids 
content was determined by comparing the test 
drug and standard quercetin curve prepared 
from a reference solution containing quercetin 
in different concentrations. Values were ex-
pressed as microgram (quercetin equivalent) 
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per mL [21].
Total tannin: Estimation of total tannin content 
in decoction, SBS and SFS was carried out by 
the Folin Ciocalteu method. A set of reference 
standard solutions of gallic acid (20, 40, 60, 80 
and 100 µg/mL) was pipetted into different test 
tubes. Distilled water (7.5 mL) was added to all 
the test tubes. Further, 0.5 mL of Folin Ciocal-
teu phenol reagent and 1mL of 35% Na2CO3 

solution was added and made up the volume 
to 10 mL with distilled water. The mixture was 
shaken well and kept at room temperature for 
30 minutes. Absorbance for test and standard 
solutions were measured against the blank at 
725 nm with a UV-Visible spectrophotometer. 
The tannin content was expressed in terms of µg 
of GAE/g of test drug [22].
Total alkaloid: Total alkaloids were determined 
by the spectrophotometric method using bro-
mocresol green. Bromocresol green solution 
was prepared by heating 69.8 mg bromocresol 
green with 3 mL of 2N NaOH and 5 mL dis-
tilled water until completely dissolved and the 
solution was diluted to 1000 mL with distilled 
water. Phosphate buffer solution (pH 4.7) was 
prepared by adjusting the pH of 2M sodium 
phosphate (7.16 g Na2HPO4 in 1 L distilled wa-
ter) to 4.7 with 0.2 M citric acid (42.02 g citric 
acid in 1 L distilled water). Caffeine standard 
solution was made by dissolving 1 mg caffeine 
in 10 mL distilled water. To prepare the standard 
curve, accurately measured aliquots (0.2, 0.4, 
0.6, 0.8 and 1 mL) of caffeine standard solution 
was taken and transferred each to different sepa-
ratory funnels. Then, 5 mL of pH 4.7 phosphate 
buffers and 5 mL BCG solution was taken and 

shake a mixture with 1, 2, 3 and 4 mL of chloro-
form. The test drugs were collected in a 10 mL 
volumetric flask and diluted to adjust volume 
with chloroform. Further phosphate buffers and 
BCG solution were added as per the method. 
The absorbance of the complex in chloroform 
was measured at 470 nm against blank prepared 
as above but without caffeine [23].

High-Performance Liquid Chromatography 
condition 
Quantitative analysis of glycyrrhizin and chlo-
rogenic acid was carried out using HPLC anal-
ysis. The HPLC apparatus consisted of Waters 
HPLC systems with 510 series pump, an au-
tosampler, and a diode array detector linked to 
an Empower chromatography data system, The 
separation of the glycyrrhizin and chlorogenic 
were carried out on a Hiber, prepacked column, 
Li Chrospher 100, RP-18e (i.d.5 µm, Size 125 
× 3 mm, Merck Germany), secure with another 
guard column of the same material (4 × 4 mm). 
A combination of two solvent systems was used 
as a mobile phase. To prepare the solvent sys-
tems A, anhydrous potassium dihydrogen ortho-
phosphate (KH2PO4) (0.136 g) was dissolved in 
900 mL of distilled water and orthophosphoric 
acid (0.5 mL) was added. Further, the mixture 
was made up to 1000 mL with distilled water. 
Acetonitrile was used as solvent B. Both sol-
vents systems were filtered through a 0.45 µm 
membrane and degassed in a sonicator for 3 
minutes before use. The gradient condition em-
ployed for solvent A and solvent B in HPLC is 
elaborated in Table 1. The standard glycyrrhiz-
in sample (CAS Number: 1405-86-3 Merck) in 
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concentration of 0.15 mg/mL and chlorogenic 
acid (CAS Number: 327-97-9 Merck) in con-
centration of 0.13 mg/mL were prepared using 
HPLC-grade water. Test samples of decoction, 
SBS and SFS were prepared by dissolving 500 
mg drug in 100 mL distilled water. Glycyrrhizin 
and chlorogenic acid were analysed at 254 nm 
and 330 nm wavelengths, respectively, with the 
injection volume of 20 µL, a flow rate of 1.5 
mL/min [24].

Calculations:
Quantitiy of molecule=(Area of sample)/(Area 
of the standard)×(Weight of the standard)/(Stan-
dard dilution)×(Sample dilution)/(Weight of the 
sample)×Purity of standard

Sr.
No. Time (min)

Buffer
concentration
(solvent A)

Acetonitrile
concentration
(Solvent B)

1. 0.01 95.0 5.0

2. 18.0 55.0 45.0

3. 25.0 20.0 80.0

4. 28.0 20.0 80.0

5. 35.0 55.0 45.0

6. 40.0 95.0 5.0

7. 45.0 95.0 5.0

Table 1. Gradient condition employed for solvent A and 
solvent B in HPLC

Tests for heavy metals: The presence of heavy 
metals (Pb, As, Cd and Hg) was tested only for 
the decoction using Inductively Couple Plas-
ma Optical Emission Spectrometry (ICP-OES) 
[25].

Microbial contamination
All three samples were tested for the presence 

or absence of total viable aerobic count, yeast 
count and specific pathogens i.e. Escherichia 
coli, Salmonella, Staphylococcus aureus and 
Pseudomonas aeruginosa. Microbial analysis 
was carried out as per the USP guidelines [26].

Antibacterial activity 
Resazurin assay utilising microtitre plate (96 
wells) was used to check the minimum inhib-
itory concentration (MIC) of test samples (JN, 
SBS and SFS) against 24 h cultured Strepto-
coccus pyogenes, Streptococcus pneumonia, 
Streptococcus mutans, Staphylococcus aureus, 
Bacillus cereus, Haemophilus influenzae, Sal-
monella, and Escherichia coli. All used mi-
crobes were clinical isolates.
Preparation of bacterial culture: Using the asep-
tic method a colony of each microorganism 
was added into a 100 mL bottle of iso-sensitest 
broth, tightly covered with the cape and kept 
in an incubator for 12 h at 35 °C. Then, under 
aseptic precaution clean sample of bacteria was 
obtained using a centrifuge at 4000 rpm for 5 
min. The supernatant was discarded and sedi-
ment was again suspended in 20 mL sterile nor-
mal saline and recentrifuged at 4000 rpm for 5 
min. This procedure was repeated until the su-
pernatant was transparent. Now sediment was 
suspended in 20 mL of sterile normal saline, 
and optical density was recorded at 500 nm. 
Further, the optical density was adjusted in the 
range of 0.5 to 1.0 employing serial dilutions 
with the microbial concentration of 5 × 10 cfu/
mL. Iso-sensitest broth was used as culture me-
dia in this essay [27]. 
Preparation of resazurin solution: The resazurin 
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solution was prepared by dissolving a 270 mg 
tablet in 40 mL of sterile distilled water using a 
vortex mixer. 
Preparation of the plates: Under aseptic condi-
tions rows on the plate were labelled numerical-
ly and columns were numbered alphabetically. 
A volume of 100 μL of the test material was 
pipetted into the first row of the plate. Nutrient 
broth (50 μL) was added to all other wells and 
serial dilutions were performed in decreasing 
concentrations. Resazurin 0.1% (30 μL) solu-
tion was added to each well. Further, 30 μL 
iso-sensitised broth was added to each well. Fi-
nally, 10 μL of prepared bacterial culture was 
inoculated to each well to achieve a concentra-
tion of 5×10 cfu/mL. Each microbe was inocu-
lated in a separate column. A column was used 
as a control with all solutions except bacterial 
inoculation and instead 10 μL of nutrient broth 
was added to maintain the volume. One column 
was inoculated with all solutions except the 
test or standard drug. Each plate was wrapped 
loosely with a cling sheath to avoid bacteria 
from dehydration. Plates were placed in a BOD 
incubator at 37 °C for 24 h. After completion 
of 24 h, colour change was assessed visually. 

The appearance of colour change in any column 
from purple to pink was recorded. The presence 
of blue and pink colours was recorded as no 
growth and growth respectively. The minimum 
concentration at which the purple colour ap-
peared was taken as the MIC value. Tests were 
carried out in triplicate and an average of three 
values was calculated as the MIC for the test 
sample [28,29]. 

Results

Optimization of sharbat and sugar-free syrup of JN
In the present study for the optimization of SBS, 
in total 16 batches were prepared. Out of which, 
formulation prepared with JN 170 mL reduced 
to 50 mL and sugar 40% (w/v) added gave one 
tar (wire) consistency. This formulation was ex-
actly as viscous as the consistency of sharbat 
mentioned in classical Unani text. Hence, this 
batch was finalized as an ideal batch (Table 1).
To prepare SFS in total five batches were tried. 
Out of which a batch prepared with JN (170 
mL) reduce to 30 mL, added 96 mg aspartame 
and gave viscosity of classical sharbat were fi-
nalised as an ideal batch (Table 1).

Sr.
No

Water used
(mL)

Decoction used
(mL)

Volume of 
prepared syrup 

(mL)

Sugar (%)
or

Aspartame (mg)
Consistency Remark

Optimization of sugar-based syrup
1. 340 170 60 70 Viscous Rejected
2. 340 170 50 70 Highly viscous Rejected
3. 340 170 40 70 Viscous as laooq Rejected
4. 340 170 30 70 More viscous than laooq Rejected
5. 340 170 60 60 Viscous Rejected
6. 340 170 50 60 More viscous Rejected
7. 340 170 40 60 Highly viscous Rejected
8. 340 170 30 60 Viscous as laooq Rejected

Table 2. Optimization of sugar-based and sugar-free syrup prepared with the ingredients of Jushanda nazla
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9. 340 170 60 50 Highly viscous Rejected
10. 340 170 50 50 Highly viscous Rejected
11. 340 170 40 50 Highly viscous Rejected
12. 340 170 30 50 Viscous as laooq Rejected
13. 340 170 60 40 Viscous Rejected

 14. 340 170 50 40 One tar exactly viscous
as sharbat Accepted

15. 340 170 40 40 Viscous Rejected
16. 340 170 30 40 Highly viscous Rejected

Optimization of sugar-free syrup
1. 340 170 10 32 Highly viscous Reject
2. 340 170 15 48 Highly viscous Reject
3. 340 170 20 64 More viscous Reject
4. 340 170 25 80 viscous Reject

5. 340 170 30 96 Viscous as a
syrup Accepted

Physico-chemical and microbial contamination 
evaluation of SBS and SFS
Prepared SBS was dark brown, thick viscid liq-
uid with a moderate sweet pleasant smell and 
sweet test. SFS had the almost same organolep-
tic character except it has a sweet taste with a 
slight bitterness at the end.
Qualitative analysis showed the presence of 
alkaloids, glycosides, flavonoids, tannins, phe-
nols, carbohydrate, phytosterols/ terpenes, di-
terpenes, quinones and coumarins whereas, 

anthraquinone and proteins were absent in both 
SBS and SFS. Quantitative analysis values for 
secondary plant metabolites are presented in ta-
ble 2.
Evaluation of heavy metals in JN using Induc-
tively coupled plasma - optical emission spec-
trometry (ICP-OES) exhibited the lead, arsenic, 
cadmium and mercury within the permissible 
limit (Table 4). Microbial contamination anal-
ysis for SBS and SFS qualified the WHO limits 
(Table 2).

Table 3. Characterization of jushanda nazla, sugar-based syrup and sugar-free syrup

Sr.
no. Test Jushanda nazla Sugar-based syrup Sugar-free syrup

1.

Organoleptic character

• Appearance Thinly viscid liquid Thinly viscid liquid Moderately viscid liquid

• Colour Light brown Panton 
464 C Dark brown Panton 476 C Slightly dark brown Panton 4695 C

• Smell Moderate, pleasant, Thinly viscid liquid Moderate, pleasant

• Taste Bitter and slightly sweet Dark brown Panton 476 C Sweet and slightly bitter

2.

Ash value (%)

• Total ash 0.26 ± 0.01 0.44 ± 0.01 0.34 ± 0.01

•Acid insoluble 0.14 ± 0.01 0.22 ± 0.01 0.16 ± 0.01

• Water soluble 0.06 ± 0.00 0.12 ± 0.01 0.10 ± 0.001
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*WHO limit for total bacterial count: 105 cfu/gm/mL; # WHO limit for total fungal count: 103 cfu/gm/mL; $WHO limit 
for pathogenic bacteria: absent

Table 4. Evaluation of heavy metals in jushanda nazla using ICP-OES

3. Viscosity
(using spindle 5) 113 1050 493

4. Specific gravity 1.01 ± 0.05 1.14 ± 0.01 1.09 ± 0.01

5.

pH

• 1% solution 6.24 5.16 5.91

• 10% solution 5.97 5.84 5.83

6.

Quantitative analysis

• Total sugar (µg/µL) 279.89 413.96 329.40

• Reducing sugar (µg/
µL) 76.294 120.419 109.946

• Total phenolic
(gallic acid equivalent 

µg/mL)
8.54 19.853 32.446

• Total flavonoid
(quercetin equivalent 

µg/mL)
0.107 0.246 0.279

•Total tannin
(gallic acid equivalent 

µg/mL)
0.58 1.5 2.9

•Total alkaloid (mg/mL) 0.157 0.260 0.283

•Glycyrrhizin (µg/µL) 0.13 0.24 0.32

• Chlorogenic acid (µg/
µL) 0.0001 0.0003 0.0006

7.

Microbial contamination analysis

• *Total bacterial count 
(Cfu/gm/mL)

• #Total fungal count 
(Cfu/gm/mL)

$Pathogenic bacteria

• Escherichia coli Absent Absent Absent

• Salmonella Absent Absent Absent

• Staph. aureus Absent Absent Absent

• P. aeruginosa Absent Absent Absent

Sr. No. Metals Results (in ppm) Permissible limit (in ppm)

1. Lead (Pb) 0.116 10

2. Arsenic (As) 0.026 03

3. Cadmium (Cd) 0.073 0.3

4. Mercury (Hg) 0.013 01
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Figure 2. HPLC Chromatogram of A) standard chlorogenic acid, B) chlorogenic acid in jushanda nazla, C) chloro-
genic acid in sugar-based syrup of jushanda nazla, and D) chlorogenic acid in sugar-free syrup of jushanda nazla
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Figure 3. HPLC Chromatogram of A) standard glycyrrhizin, B) glycyrrhizin in jushanda nazla, C) glycyrrhizin in 
sugar-based syrup of jushanda nazla, and D) glycyrrhizin in sugar-free syrup of jushanda nazla
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Antimicrobial effects of sharbat and sugar-free 
syrup
SFS showed a potent effect against S. pyogenes, 
S. pneumonia and H. influenzae (2.5 µg/µL) fol-
lowed by Salmonella (3.125 µg/µL). However, 
JN and SBS [except SFS against H. influenzae 
(2.5 µg/µL)] exhibited a weak or very weak an-

timicrobial effect on selected micro-organisms. 
SFS also exhibited a very weak antimicrobial 
effect against S. mutans (13 µg/µL) and B. ce-
reus (25 µg/µL). Very weak and similar antimi-
crobial effect in JN, SBS and SFS was observed 
against S. aureus and E. coli (Table 5).

Sr. 
No. Test organism

Minimum inhibitory concentration (MIC) in µg/µL

Jushanda nazla Sugar-based syrup of 
jushanda nazla

Sugar-free syrup of 
jushanda nazla

1. Streptococcus pyogenes 13 8 2.5

2. Streptococcus pneumoniae 10 8 2.5

3. Streptococcus mutans 50 25 13

4. Staphylococcus aureus 50 50 50

5. Bacillus cereus 25 25 25

6. Haemophilus influenzae 12 5 2.5

7. Salmonella 8 6 3.125

8. Escherichia coli 50 50 50

Table 5. Minimum inhibitory concentration (MIC) of jushanda nazla, sugar-based syrup of jushanda nazla and sugar-free 
syrup of jushanda nazla against micro-organisms

Discussion
In this study jushanda nazla a decoction for-
mulation was modified into the sugar-based liq-
uid dosage form. In total sixteen batches were 
tried and a batch with a minimum bulk of a unit 
dosage with the consistency of one tar’ (wire) 
was selected as a final batch. The final batch of 
sharbat was prepared with the 170 mL decoc-
tion reduced to 50 mL and only 40% (w/v) of 
sugar was added to achieve one tar consisten-
cy. Whereas, sugar-free liquid dosage form was 
prepared with 170 mL decoction reduced to 30 

mL and 96 mg of aspartame was added to im-
prove the taste.
While preparing sharbat as per the method 
mentioned in the classical Unani texts, it is ad-
vised to incorporate the sugar in the liquid, in 
the ratio of 65-85:100 w/v [10,30]. In this ratio, 
the finished product of liquid dosage form gen-
erally gives one tar (wire) consistency. 
However, it is not an incontrovertible rule. In 
many texts, it is also mentioned that precaution 
should be taken while the syrup is prepared with 
the mucilage or mucilaginous plant materials as 
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mucilage develops thick consistency earlier and 
negligence may spoil the syrup [10,30].
Present test drug, jushanda nazla contains ba-
heedana, sapistan, unnab and aslusoos, out of 
them baheedana and sapistan have a significant 
quantity of mucilage, that considerably alters 
the consistency of liquid while preparing syrup. 
The present study was taken up with a goal to 
convert the decoction into syrup dosage form 
along with the maximum reduction in bulk of the 
unite dose. The goal was successfully achieved; 
however, as only 40% sugar was added to the 
syrup, stability of the syrup was unconvinced as 
sugar syrup are stable only when prepared with 
65% or higher sugar concentration. Hence to 
keep the finished product stable, sodium benzo-
ate and citric acid (0.2% w/v each) were added 
as preservatives.
While optimizing the sugar-free syrup from 
JN, instead of sugar, aspartame was used.  The 
absence of sugar gave thin consistency to the 
liquid that allowed more reduction of the bulk 
volume of the formulation. It was attained by 
further heating and evaporation. As SFS was 
prepared without sugar syrup there were ample 
chances of microbial growth. Hence to avoid 
microbial contamination sodium benzoate and 
citric acid (0.2% w/v each) were also added as 
a preservative.  
To assess the quality of the finished product, var-
ious tests were carried out and data were set as 
standards for quality control. Qualitative anal-
ysis showed that secondary plant metabolites 
were present in both finished product as it was 
present in decoction. Likewise, the quantitative 
analysis also showed the presence of secondary 

plant metabolites total phenolic, flavonoid, tan-
nin, alkaloid. Further, the concentration of these 
groups of molecules increases in the SBS and 
SFS as their bulk is reduced. JN showed the 
minimum concentration of plant metabolites, 
which was higher in SBS whereas, SFS showed 
maximum concentration. 
However, it was observed that the concentra-
tion of secondary plant metabolites was not in-
creased in proportion to the reducing volume of 
the bulk.  This finding may be attributed to the 
degradation of some plant metabolites due to 
continuous heat application. 
In the present study, JN contained glycyrrhiz-
in 0.13 µg/µL which was increased to 0.24 µg/
µL in SBS and 0.32 µg/µL in SFS that is 1.8 
times more in SBS and 2.46 times higher in 
SFS from JN. Chlorogenic acid was 0.001 µg/
µL in JN which increased to 0.003 µg/µL and 
0.006 µg/µL in SBS and SFS that is 3 times and 
6 times higher in comparison to JN, respective-
ly. Whereas, the volume of SBS and SFS was 
reduced 3.4 and 5.66 times from decoction, 
respectively. It was revealed that secondary 
plant metabolites present in decoction were not 
heat-stable and degraded to some extent during 
the heat-based evaporation process while reduc-
ing the volume to prepare SBS and SFS.
Heavy metals in decoction and microbial con-
tamination in decoction and both finished prod-
ucts were within allowable limit; hence, the 
product was fit for human use regarding the 
heavy metals and microbial contamination [31].
JN, SBS and SFS showed antimicrobial effects 
against S. pyogenes, S. pneumoniae, H. influen-
zae which justifies the use of JN in upper and 
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lower respiratory tract infection since ancient 
time. These findings also correlate with the pre-
vious studies carried out to evaluate the antimi-
crobial effect of plant materials included in JN 
[32,33,34,35]. 
The antimicrobial effect of SFS was found more 
potent when compared with JN and SBS. This 
effect may be attributed to the presence of ex-
cess secondary plant metabolites in SFS. Also, 
as the finished product of SFS was more effec-
tive against S. pyogenes, S. pneumoniae and 
H. influenzae, it may be more successfully em-
ployed in respiratory tract infections caused by 
these organisms in comparison to JN. Further-
more, decoction and its finished products were 
also found effective against Salmonella. To date 
this, formulation (JN) was not used in the treat-
ment of Salmonella infection; however, some 
previous studies showed that the plant materials 
used in this formulation have some antimicrobi-
al effects on salmonella [36]. This finding may 
open a new door for further research.
Though the present study exhibited very inter-
esting findings, there were some limitations, 
that may be addressed with further research. 
In this study, HPLC was carried out using only 
two markers from aslusoos (glycyrrhizin) and 
bahidana (chlorogenic acid); however, unnab 
and sapistan should also be quantified by using 
their marker molecules. Further, the developed 
syrup should be evaluated for its safety, efficacy 
and stability through preclinical and clinical re-
search studies and comparisons should be made 
with the classical formulation.
The authors concluded that the formulation 
used in the form of decoction in the alternative 

system of medicine can be easily converted into 
a sugar-based or sugar-free liquid dosage form 
while preserving its phytochemical characteris-
tics and pharmacological activities. By convert-
ing JN into sugar-based dosage form, various 
drawbacks associated with decoction such as 
unpleasant taste, a large quantity of unit dosage, 
time-consuming method of preparation, and 
stability issues can be successfully addressed. 
Further, the sugar-free liquid dosage form will 
also be more acceptable for patients with dia-
betes or calorie-restricted diets. Future studies 
for optimization and reformulation of other tra-
ditional decoctions to a modern dosage form 
such as sugar-based and sugar-free syrups are 
recommended.
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