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Abstract
Quality of soaps is directly related with their physicochemical properties. Generally, ranking of the
soaps remains indistinct to consumers therefore there is strong need to assess the quality of soaps
available in the market. In the present study, eighteen commercial soaps including fourteen toilet
soaps and four baby soaps were evaluated for moisture content, pH, total fatty matter, total alkali,
free alkali, foam test and emulsification. Values of moisture content ranged between 5.40-15.12%;
pH 6.29-11.39; total fatty matter 59-91%; total alkali 0.98-1.60% and free alkali 0.01-0. 62%. The
emulsification was observed in all analyzed samples and the foam height was measured in the
range between 2.3-8.5 cm. Most of analyzed samples fall within the standard values recommended
by International Standard Organization, but in few samples pH, total alkali and free alkali were
found to be higher than the recommended values.
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Introduction

The skin is the body’s largest organ, acts as a
physical barrier between the body and many
atmospheric pollutants. When products such as
soaps, shampoos and cosmetics are used on the
skin, the ingredients in them come into direct
contact with the skin [1]. Toiletries are primarily
used to clean the body and maintain personal
hygiene. These products fall into the fast-moving
consumer group (FMCG) due to their high demand
and how quickly they are consumed. This group
includes bathing soaps in liquid and solid form [1].
Babylonians were making soaps around 2800 BC
revealed evidence of ancient Babylon by an
excavation [2]. There is a steady rise in the
production of both toilet and laundry soap. Soap, is
chemically a combination of Na+ or K+ ions and
fatty acids. Over a hundred fatty acids are known
to exist today. Out of these hundred and over, forty
are known to occur widely [3]. Palm, neem
coconut, tallow, palm kernel, cocoa butter, and
ground pea nut fats and oils are suitable for
traditional soaps manufacture process [4]. Soaps

are gained from fats known as glycerides were the
earliest surfactant. They formed esters by the
propane-1,2,3-triol(glycerol), trihydric alcohol
through long chain carboxylic acids (fatty acids).
The glycerides are hydrolyzed by way of heating
with sodium hydroxide solution to form soaps,
propane-1,2,3-triole , the acids of the sodium salts
through process of saponification [5, 6].

Types of oil/fat and alkali used for

manufacturing of soaps greatly effect on the

quality and physiochemical properties of the soaps.

Sodium and potassium hydroxides are often used

for the preparation of soaps with of pure or blend

of vegetable oils or animal fats. Soaps of
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potassium are softer than the soaps of sodium [7,

8]. Recovery of soaps during manufacturing

process depends on the level of the total fatty

matter (TFM). The TFM is very important

characteristic to describe the value of soap and it is

always specified in commercial trading. Soaps are

graded in terms of TFM. Level of TFM is also

associated with hardness of soaps. The soaps with

higher TFM gives more lather, lasts longer and

more importantly cleans the skin in a better way

and more gently [7]. The lipophilic part of soap

which have a chemical nature the major role plays

in determination the performance of soaps [9].

When used for cleaning, soaps allow insoluble

particles to convert soluble in water and rinsed

away. For example: when two or more drops of

liquid soaps are added to the mixture, so it can be

easily dissolves in the water otherwise it is difficult

to soluble in water. The insoluble oil/fat molecules

become associated inside micelles, tiny sphere

formed by soap molecules with polar hydrophilic

(water-attracting) groups on the outside and

wrapping a lipophilic (fat-attracting) pocket, which

protects the oil/fat molecules from the water

making it soluble [10, 11]. The physicochemical

features of soap depend on numerous aspects

which may include nature and the strength of alkali

as well as type and saponification value of oil used

for the preparation of soaps. Therefore, main

physiochemical characteristics of the soaps may

include TFM, free caustic alkalinity, pH, moisture

content, emulsification etc. [12, 13]. In current

study, physicochemical properties of toilet and

baby soaps were evaluated for their quality.

Important quality parameter including pH,

moisture content, free caustic alkali, total alkali,

TFM, foam height and emulsification tests were

performed to check the quality of soaps which are

largely utilized.

Materials and Methods
Reagents and Sample Collection

All solvents, chemicals and reagents were
used of analytical grade and purchased from E.
Merck (Darmstadt, Germany). Eighteen branded

soaps including fourteen toilet and four baby soaps
were collected from the market of Hyderabad,
Pakistan and coded as S-1, S-2, S-3, S-4, S-5, S-6,
S-7, S-8, S-9, S-10, S-11, S-12, S-13, S-14 and for
baby soap SB-15, SB-16, SB-17 and SB-18. The
high-quality of soap selection was based on the
higher utilization/demand of these brands in the
local market.

Physicochemical Parameters

All the physicochemical parameters such
as moisture content, pH, total fatty matter, free
alkali, and total alkali of soap samples were
determined by official AOCS method.

Moisture Content

Moisture content of soap samples were

determined using official method of AOCS Db 1-

48 [14]. Around 5 g soap sample weighed into a

tarred moisture dish which was previously dried

for 1 hour at 105°C ± 2 and cooled to room

temperature in a desiccator. After 1 hour heating

periods showed a loss of not more than 0.1% when

constant weight is attained successively.

Moisture content % = loss in weight ×100 ̷ ̷  weight 
of sample.

pH

pH of soap samples was determined using

official method of AOCS G 7-56 [14]. About 50

mL of distilled water added into a 250 mL beaker

and heated to a temperature of 70 to 80 °C. The hot

water poured into 50 g of the soap sample, added

few boiling chips. Placed thermometer in the

mixture and heated slowly to 95°C. The solution

was stirred with the glass rod till the sample being

brought to the specified temperature. When the

temperature reached at 95°C, beaker was removed

with its contents from the heat and allowed to

stand until phases separate. After this, with the aid

of a suitable pipette the aqueous layer drawn off

and transferred to a 50 mL beaker. The pH was

determined to the nearest 0.1 unit on the aqueous

solution at 25°C.
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Total Fatty Matter

Total fatty matter was estimated via
followed previously reported method [15].
Approximately, 10 g of powdered form of soap
was diluted in 150 mL distilled water and heated.
20 mL of 15% H2SO4 was added in soap solution
while heating until obtained a clear solution and
left for 30 min. Two separate layers were formed
and upper layer of fatty acids floating on surface
separated carefully. The layer was allowed to cool
to form a cake. The cake was removed, dried and
weighed to obtain the total fatty matter using
following formula.

% TFM = A –X × 100,

where A= weight of petri dish + sample W=
weight of soap and X= weight of petri dish

Total Alkali

About 10 g of the soap sample was
weighed, added 100 mL of ethanol (96%) and
boiled for 10 min. After that 5 mL of 1N H2SO4

was added and the resulting mixture allowed
boiling until the soap sample dissolved over a
period of 5 min. The hot solution was titrated with
1 N NaOH till a pink color showed at the end point
using phenolphthalein as an indicator. The process
was repeated three times [14]. The percentage total
free alkali (%) was calculated as follows:

%Total alkali = 3.1 (Va -Vb)/w

Where Va = volume of acid, Vb = volume of base
and w = weight of sample

Free Alkali

Free alkali of soap sample was determined
by AOCS official method Da 5-44 [14]. About 10
g of the sample dissolve in 100 mL freshly boiled
distilled water into a 250 mL beaker. Added 0.5 N
H2SO4 in measured quantity to make the
solution acid. Heated the solution at 60 °C
until the fatty acids separate in a clear layer.
Titrated with 0.5 N NaOH in the presence of
phenolphthalein indicator (0.5 mL) until the
solution is almost neutral. It should remain slightly
on the acid side to phenolphthalein. Evaporated to
dryness on a steam bath and dissolved in 200 mL
of neutral ethyl alcohol. In the end solution was

titrated with 0.5 N NaOH to the appearance of a
faint pink color.

Free Alkali % = A-B × 2.805    ̷  weight of sample

Foam Height

For the determination of the foam
formation of the soap samples, approximately 10 g
of the soap sample was placed in 1 L measuring
cylinder and added distilled water to make up to
the 100 mL mark. The resulting solution was
vigorously shaken 20 times (up and down, with
care that it did not spill). The foam height was
taken from the 100 mL mark on the measuring
cylinder to the foam height level and recorded as
the foam capacity [16].

Emulsification Test

For the determination of emulsification of
soap, approximately 10 mL of distilled water was
poured into a test tube, added 5 mL of mineral oil
and 10 drops of soap solution. The test tube was
shaken for 2 minutes and then left to stand.
Observed the extent of emulsification and noted as
reported earlier [10].

Statistical Analysis

Two samples of each soap brand were
collected and each sample analyzed three times.
The data obtained were put into Origin 7 program
and reported as the means (n = 2 × 3 ± standard
deviation).

Results and Discussion

Physicochemical characteristics of
commercially available soaps prepared and sold in
Pakistani market were evaluated. The present study
was conducted to assess the quality of eighteen
soap samples. The results of physicochemical
examination reflecting the characteristics of the
soap and are shown in (Table 1).

Analysis of Moisture Content

Moisture content is a parameter used in

assessing the shelf life of a product. High moisture

content in soap would lead to reaction of excess
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water with unsaponified fat to give free fatty acid

and glycerol in a process called hydrolysis of soap

on storage. The existence of liquid especially water

attributes moisture usually in trace extent. The

result of moisture content is shown in the (Fig 1).

Moisture content in soap samples was found in the

range of 5.40-15.12%. The highest moisture

content was observed in SB-15 sample and lowest

moisture content was observed in S-5. The result

obtained in this study for moisture content of some

branded soap was lower than the reported studies

9.4% - 16.9% [13], 18.8% - 22.5% [14], 29.05%

[17] and 9% - 21% [18]. Moisture content in some

soap samples reported fall within the limits of

Encyclopedia of Industries Chemical analysis

(10% - 15%). From our experimental results, all

soap samples fall within the limits of International

Standard (IS). Furthermore, the difference in

results may be due to the soap preparing methods.

Figure 1. Mean value of moisture content of toilet soap

Analysis of pH

The pH in the analyzed samples was found

in the range of 7.29-11.53. The result of pH is

shown in the (Fig 2). The pH results obtained in

the current study for soap samples was lower than

the reported studies 9 – 11 [19] and 10.72 [20]

except few samples. The pH values obtained for S-

4 and S-13 was found to be higher as compared

with the results of other reported studies 9 [16],

5.5 - 8.0 [10], 10.4 [21], 9.38 [20] and

7.84-10.55 [22]. High pH values in soaps are due

to the incomplete hydrolysis resulting from

saponification process. It can be overcome by

adding excess fat or oil to reduce the harshness of

soap [20]. The higher values of pH indicated that

analyzed soaps are corrosive to the skin. Generally,

soap is alkaline to aqueous solution and these

alkaline substances acts as a barrier against

bacteria and viruses by neutralize the body’s

protective acid mantle. Healthy skin has a pH of

5.4 to 5.9 [21]. S-4 has greater pH from the

recommended values 7-8, on the other hand except

samples S-3, S-7, SB-15 and SB-17, rest of the

analyzed soap samples were not good for the skin.

Figure 2. Mean value of pH in 10% soap solution

Analysis of Total Fatty Matter

The TFM results obtained in current study

are shown in (Fig 3). The sample S-4 has the

lowest value of TFM (59.23 %) and S-3 had

highest percentage of TFM (91.51%). The results

obtained in this study showed that lower TFM was

observed in soaps as compared to the reported

study 74% - 92% [13]. On the other hand, the TFM

value for some soap samples were found higher

than some previous finding 58% [20], 59% [21]

22, 67.8 - 71.8% [14], 62% [16] and 66.74% -

82.02% [15]. Quantities of the used fatty materials

are responsible these differences in TFM and

perhaps due to the difference in the saponification

method. The lower TFM value is due to presence

of unreacted NaOH in the mixture [11]. However,

dry skin needs soap which contain higher

percentage of TFM content (80%), which make

skin smooth by rehydrating and additionally the

high oil content within the soap acts as a lubricant

throughout the day [21]. The TFM (%) by mass is
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the most important factor to be considered in soap

quality, higher the TFM content better is the

quality. The IS requirement for Grade 1 soap

should have 76% minimum TFM. On the basis of

grading sample S- 3, S-5, S-7, S-11, SB-15, SB-16,

SB-17 and SB- 18 fall in Grade 1 category soaps.

Figure 3. Mean value of total fatty matter in toilet soap

Analysis of Total Alkali

Total alkaline material present in soap is

the total alkalinity. They include alkaline

components such as hydroxides, sodium (II) oxide,

carbonates and bicarbonates. Fig 4 shows the

analyzed results of total alkali of soap samples.

Figure indicated that total alkali in soap samples

found at 0.13-1.60 %. The result observed in

current study for some soap samples were higher

than the reported studies 0.57% [23] and 0.24%

[21]. Total alkali % by mass IS requirement is just

1.5 %. All analyzed soap samples were within

the limit of recommended except S-1, S-4, S-8 and

S-13.

Figure 4. Mean value of total alkali in toilet soap

Analysis of Free Alkali

One of the most important parameter that

determine the abrasiveness of any given soap is

free alkali [24]. Table 1 shows the free alkali

values of analyzed soap samples. Free alkali in

soaps was found in the range between 0.01- 0.62%.

The result obtained in current study for some

toilet soaps were higher than the results found in

reported studies ≤ 0.1% [13], 0.002-0.06% [21],

0.2% [16] and 0.06% - 0.09% [14]. On the other

hand, our results of free alkali of some toilet soaps

was lower than the toilet soap of some other

studies 2.95% [19] 16 and 1.24% [26]. From the

current analysis, the free alkali for toilet soap

samples was found between the limits of

recommendation. Free alkali % by mass IS

requirement is just 0.5 %. In present study sample

S-1 and S- 4 showed higher free alkali than IS

requirements.

Foam Height

Foam test is an important parameter for

acceptability of soap standard requirement grade

3:200 mL. In this study foam height in toilet soap

was found at 2.3-8.5 cm. The highest value of

foam height was observed in sample S-14 and

lowest in S-11 as shown in Table 1. The obtained

result of foam height was found higher in

comparison to the reported studies 1.7 to 5.4 cm

[15] and 1.8 cm [26]. From the results, it was

observed that all toilet soap samples passed lather

test (foam height).

Emulsification

Emulsification was found to be positive in

all analyzed soap samples. The findings of

emulsification test were compared with other

reported studies and found that all of the previous

studies reported emulsification in soaps regardless

the concentration and type of oil used in the

preparation of soaps [27-29]. The consolidated

results of physiochemical properties of analyzed

soap samples are shown in Table 1.
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Table 1. Physicochemical properties of important parameters of soaps (n=3).

Sample
Moisture

Content (%)
pH 10% in

solution
TFM Value

(%)
Total

Alkali (%)
Free Alkali

(%)
Foam Test

(cm)
Emulsification

S-1 7.16 ± 0.05 9.62 ± 0.04 61.0 ± 0.03 1.51 ± 0.02 0.61 ± 0.09 7.30 ± 0.3 +

S-2 11.05 ± 0.08 10.49 ± 0.06 70.12 ± 0.02 1.20 ± 0.03 0.08 ± 0.03 7.00 ± 0.02 +

S-3 6.1 ±0.03 7.29 ± 0.01 91.00 ± 0.06 0.99 ± 0.03 0.01 ± 0.01 7.80 ± 0.06 +

S-4 7.12 ± 0.05 11.39 ± 0.04 59.00 ± 0.01 1.60 ± 0.05 0.62 ± 0.09 7.50 ± 0.05 +

S-5 5.40 ± 0.03 9.60 ± 0.03 85.68 ± 0.03 1.23 ± 0.04 0.07 ± 0.02 7.50 ± 0.05 +

S-6 7.05 ± 0.08 8.42 ± 0.03 71.00 ± 0.04 1.41 ± 0.01 0.14 ± 0.02 6.90 ± 0.01 +

S-7 5.90 ± 0.04 7.71 ± 0.03 78.84 ± 0.04 1.43 ± 0.01 0.10 ± 0.01 7.80 ± 0.02 +

S-8 5.82 ± 0.05 8.73 ± 0.02 62.94 ± 0.02 1.52 ± 0.02 0.02 ± 0.05 8.50 ± 0.04 +

S-9 9.80 ±0.06 9.171 ± 0.01 73.68 ± 0.04 1.34 ± 0.03 0.08 ± 0.01 7.10 ± 0.03 +

S-10 8.52 ±0.05 10.32 ± 0.04 69.72 ± 0.03 1.28 ± 0.04 0.05 ± 0.08 7.00 ± 0.02 +

S-11 9.98 ± 0.06 10.41 ± 0.03 90.02 ± 0.06 0.98 ± 0.01 0.02 ± 0.01 2.30 ± 0.01 +

S-12 15.06 ± 0.04 9.73 ± 0.03 68.06 ± 0.05 1.02 ± 0.01 0.06 ± 0.03 6.30 ± 0.04 +

S-13 9.26 ± 0.01 11.53 ± 0.09 60.12 ± 0.04 1.59 ± 0.09 0.13 ± 0.01 8.70 ± 0.03 +

S-14 9.39 ± 0.03 9.67 ± 0.01 67.16 ± 0.05 1.20 ± 0.01 0.09 ± 0.02 8.90 ± 0.05 +

SB-15 15.12 ± 0.03 7.5 ± 0.05 78.13 ± 0.01 0.13 ± 0.03 0.03 ± 0.05 5.2 ± 0.08 +

SB-16 12.01 ± 0.01 8.02 ± 0.03 80.21 ± 0.09 0.98 ± 0.01 0.04 ± 0.02 6.4 ± 0.01 +

SB-17 6.03 ± 0.09 7.6 ± 0.04 77.12 ± 0.03 0.22 ± 0.08 0.01 ± 0.01 7.5 ± 0.09 +

SB-18 9.34 ± 0.06 9.66 ± 0.01 82.23 ± 0.01 0.20 ± 0.05 0.02 ± 0.01 8.2 ± 0.06 +

Conclusion

In this study, physiochemical properties of
eighteen soap samples were evaluated using
standard methods. The results of the present study
indicated that samples S- 3, S-5, S-7, S-11, S-15,
S-16, S-17 and S-18 were fall in Grade 1 category
of soaps. Foam test is an important parameter for
acceptability of soap and all brands passed lather
test. It is essential to select soap that strikes a
balance among the physicochemical parameters.
The physiochemical properties of soap revealed
that most of the test parameters were within the
recommended IS limits except pH and total alkali
of few soap samples.
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