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Abstract: The demand of chemical treatment on denim fabric to create a new look is increasing day by day. Now- a -days
biochemical wash has become a trendy choice to customer. Manufacturers are in a rush to fulfill the demand of customer. They
also are to take in consideration the quality of the product after the treatment. So This paper represents and compares the effect
of biochemical wash on woven denim fabrics by means of GSM (gram per square meter) measurement, shrinkage test, count
measurement, EPI & PPI measurement, comparison of color depth, air permeability test, rubbing test & hand feel test. Acid
enzyme was used as a biochemical for the treatment. Treatment increases the GSM of woven denim apparels. Dimensional
change is occurred due to enzyme wash. Lengthwise shrinkage can be ignored but widthwise shrinkage should be taken in
concern. There is little effect on EPI & PPI due to enzyme wash on woven denim apparels. Enzyme wash decreases the depth
of color on woven denim apparel. Air permeability also becomes lower due to treatment. Finally with the increase of time hand
feel i.e. the apparels become softer due to enzyme wash.
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1. Introduction
Washing is very popular finishing treatment to create
fashionable and customer demandable outlook. Creating
fashion in the denim is the most popular thinking in the
clothing industry. Especially the term washing is used for
sewn garments. So the effect is observed very carefully after
washing to hold the sewn garments quality accurately. In this
time denim is most fashionable garment to attract the
customer [5]. Industrial washing is very important applied
finishing methods on fabric or apparel. Different washing
methods can be applied for denim fabric finishing. Such as
bleach wash, stone wash, acid wash, detergent wash, silicon
washes etc. Enzyme wash is done on the garments made
from heavy fabrics like denim [19].
Enzymatic treatment is eco- friendly and it is very much
effective to produce sustainable denim garment [21]. Ecofriendly sustainable garment design is the new challenge for
garment designers and producers, because the consumers are

concerned in eco-fashion in the last decade [4]. Enzymes are
applied mainly to get a cleaner fabric surface with less fuzz,
to reduce tendency to pill formation and to smooth the
surface [9]. Because of yarn dyed fabric denim is very stiff
fabric as the size materials are not removed during
manufacturing process [2]. So finishing treatment is
mandatory for denim fabric to improve the comfort. Denim is
a cotton and twill weave fabric that uses colored warp and
white weft yarn and this fabric is used for jeans, work clothes
and casual wear [6]. Denim garment (jeans) washing is
known as the widely used finishing treatment that has vast
usage in textile sectors because of creating special
appearance and making fashionable and wear comfortable
garments of the present day world and commonly used.
Popularity of garments washing specially on denim garments
in the world market has been increasing day by day [3].
Bangladesh is a textile industry based country. Denim
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garments (trousers) are being produced in 1500 factories in
Bangladesh (Approximately). Bangladesh has earned about
82% foreign currency from ready- made garments sector in
2015-2016 FY. Many researchers have investigated the
effects of washing technology especially on denim for the
last many years [7]. In our paper we have tried to represent
the results of some testing made on biochemically treated
denim [8]. It is our expectation that our research work will
help the technologist to fulfill the demand of quality of the
customer.
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2. Materials and Methods
100% cotton standard denim garments (trousers) were
used as a sample to carry out the experiment. All the samples
were provided from the apparel lab of Bangladesh University
of Business and Technology (BUBT, Dhaka, Bangladesh).
For the chemical treatment we used the sample washing
machine of finishing lab (BUBT, Dhaka, Bangladesh). All
types of testing were done in the Textile Testing and Quality
Control lab of BUBT (Dhaka, Bangladesh).
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Figure 1. Machineries used in the research work.

ASTM D 1776 method was used for conditioning the sample [10]. ASTM D 3776 method was used for GSM measurement
[11]. AATCC test method 96 was used for shrinkage test [12]. ISO 7211/4: 1984 method was used for count measurement.
AATCC test method 61 was used for color fastness measurement [13]. IS 11056 (Bureau of Indian Standards, 1980) method
was used for air permeability measurement. Hand feel property has been measured from matter of experience.

3. Results and Discussion
3.1. GSM (Gram/Meter2) Measurement

Figure 2. Bar charts of GSM measurement.

Denim is a hard fabric because of manufacturing and its weight is more than the usual fabric [1]. Enzyme washing increases
the weight of woven denim apparels. We know all of the tests are remain within the limit. More difference in observation 2, the
weight increase % is (341-340)/340 ˟100= 0.29%. It has been explored that due to long time enzyme washing the weight
increased. It means the enzyme wash has a great effect in case of increasing the weight of denim. From the experiment we have
found that shrinkage was occurred both lengthwise and widthwise. This property of denim increases the weight in unit area
(GSM).
3.2. Shrinkage Test
Graphical Comparison of lengthwise shrinkage measurement
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Figure 3. Bar charts of lengthwise Shrinkage measurement.

Graphical Comparison of widthwise shrinkage measurement

Figure 4. Bar charts of widthwise Shrinkage measurement.

We know that the yarn will swell according to the fiber used and the amount of twist. This yarn swelling forces the threads
to bend more as they interlace and as an increase in yarn crimp. Since the yarn does not get any longer the cloth must shrink
and the fabric becomes thicker [21]. From the result it was explored that dimensional change is occurred due to enzyme wash.
In the lengthwise the shrinkage% is 4.17% that means length is decreased in a small amount due to washing. On the other
hand, the shrinkage% in widthwise is 2.515% that means is width decreased but less than length wise. It means the effect of
enzyme wash is much observed in length wise.
3.3. Count Measurement
Graphical Comparison of warp count measurement

Figure 5. Bar charts of warp Count Measurement.
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Graphical comparison of weft count measurement

Figure 6. Bar charts of weft Count Measurement.

It has been noticed that enzymatic treatment has a little effect in count. As the denim is 100% cotton, count is measured in
English count Ne. It is cleared that there is a difference in warp way and weft way count. Warp way count is lower than weft
way count that means weft way yarn is finer than warp way yarn. Due to washing size materials are removed and the yarns
become finer. That’s why count increases after washing. Denim becomes soft after washing. It means enzyme wash has very
little effect in count.
3.4. EPI and PPI Measurement
Graphical comparison of EPI measurement

Figure 7. Bar charts of EPI measurement.

Graphical Comparison of PPI measurement
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Figure 8. Bar charts of PPI measurement.

It was revealed that enzyme washing has a little effect in EPI and PPI of woven denim apparel. It is further noted that due to
different duration of washing EPI, PPI was little changed.
3.5. Comparison of Color Depth
Graphical comparison of color depth

Figure 9. Bar charts of color depth.

It was investigated from the research work that there was a huge change in color depth due to biochemical treatment on
woven denim apparels. When duration of treatment increases, shade becomes lighter even temperature and concentration
remain same at the whole process. It means enzyme wash lighten the color with the increased time duration. Color is a very
important factor for any apparel.
3.6. Air Permeability Test
Graphical comparison of air permeability test
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Figure 10. Bar charts of Air permeability test.

The air permeability of a fabric is the volume of air measured in cubic centimeters passed per second through 1 cm2 of the
fabric at a pressure of 1 cm of water [22]. The air permeability of the treated sample was measured according to IS 11056
(Bureau of Indian Standards, 1984) [23]. Changes of air permeability of fabrics depend of various factors.
It was investigated from the experiment that there was a change in air permeability due to enzyme wash on woven denim
apparels. During the biochemical treatment the size materials of fabrics were removed as denim is the yarn dyed fabric. As a
result the air permeability was increased in a small extent. But when the duration of the treatment increases the percentage of
the shrinkage also increases. This process decreases air permeability of the denim even temperature and concentration remains
same at the whole process.
3.7. Rubbing Test
Graphical comparison (For Dry Sample) of color fastness to rubbing test

Figure 11. Bar charts of rubbing test (dry).

Graphical comparison (for Wet Sample) of color fastness to rubbing test
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Figure 12. Bar charts of rubbing test (wet).

Color fastness is a measure of how permanent a color is on
the fabric. Color fastness to rubbing is basic test for denim as
jeans is durable garments. To assess the rubbing fastness we
followed the AATCC test method 61. James Heal grey scale
assessing for staining was used for visual assessment. It has
been found from the experiment that fastness to rubbing was
increased significantly after the treatment. So biochemical
treatment is very effective to improve the color fastness to
rubbing.
3.8. The Results of Hand Feel Testing
Before wash garments: Rough surface
After 20 minutes wash garments: Smooth surface.
After 30 minutes wash garments: smoother surface.
After 40 minutes wash garments: smoother surface than 30
min wash.
After 50 minutes wash garments: smoother surface than 40
min wash.
From the hand feeling test, it has been observed that with
the increase of time hand feel properties are improved.
Because softening agent render the surface of the fiber
smoother, resulting in a supple handle of the materials [24].
Increased time duration has given much smoother apparel. So
to get more soft and comfortable apparel enzyme wash can
be a better option. Without enzyme wash the apparel will be
very stiff and harsh. The hand feel property will be very poor.
Customer satisfaction cannot be achieved without soft and
smooth hand feel property.

Warp way count is lower than weft way count that means
weft way yarn is finer than warp way yarn. Due to treatment
size materials are removed and the yarns become finer. That’s
why count increases after treatment. Denim becomes soft
after washing. There was a huge change in color depth due to
biochemical wash on woven denim apparels. When duration
of washing increases, shade becomes lighter even
temperature and concentration remain same at the whole
process. It was investigated from the work that there was a
change in air permeability due to enzyme wash on woven
denim apparels. When duration of treatment increases air
permeability become lower even temperature and
concentration remain same at the whole process. Finally the
better hand feel property is achieved with greater duration of
garment washing. So biochemical treatment develops various
better qualities in the apparel.

Acknowledgements
The authors would like to express heart-felt thanks to
almighty ALLAH for his kind blessing for completion of the
experiment successfully. The authors also very grateful to the
lab attend of quality control department, BUBT, for his
technical support to complete some test. The authors like to
thank sewing operators who involved making the sample.

References
[1]

M. E. Khan, Technology of denim manufacturing, 1st ed.,
books fair publication: Bangladesh, 2011, pp- 1-109.

[2]

E. S. A. Belal, Understanding textile for a merchandiser, 1st
ed., BMN3 foundation: Dhaka, Bangladesh, 2009, pp-283284.

[3]

M. M. R. Khan, M. I. H. Mondal, M. Z. Uddin, “Effect of
Bleach wash on the physical and mechanical properties on
denim garments” ICME 14 FL-022, 2011, pp-1-6.

4. Conclusion
Biochemical treatment or enzymatic treatment increases
the weight of woven denim apparels in unit area.
Dimensional change is occurred due to treatment.. Enzymatic
treatment has a little effect in count. As the denim is 100%
cotton, count is measured in English count Ne. It is cleared
that there is a difference in warp way and weft way count.

14

[4]

[5]
[6]

Mst. Murshida Khatun and Upama Nasrin Haq: Effects of Biochemical Wash on 100% Cotton Denim Apparel

M. M. R Khan, M. I. H Mondal, M. Z. Uddin, “Sustainable
washing for denim garmentsby enzymatic treatment” journal
of chemical engineering, the institute of engineers (IEB), vol.
che 27, no. 1. june 2012, pp 27-31.
M. T. Islam, Garments washing & dyeing, Ananto publication:
Dhaka, 2010, pp 220-222.

[14] E. P. G. Gohl L. D. vilensky, textile science, 2nd ed., CBS
publisher and distributors, 1983, pp. 43-46.
[15] A. B. siddique, H. A. Begum, M. R. Islam, M. S. Ahmed,
introduction to textile engineering, 1st ed., Siddique book
house publisher, Bangladesh, 2013, pp. 114-116.
[16] J. E. booth, principle of textile testing, 3rd ed., CBS publisher
& distributors, 1968, pp. 225-229.

D. Arjun, J. Hiranmayee, M. N. Farheen, Technology of
Industrial denim washing: Review”, International Journal of
Industrial Engineering & Technology (IJIET), vol 3, Issue 4,
Oct 2013, pp. 25-34.

[17] B. P. Saville, Physical testing of textile, 1st. ed. Woodhead
publications Ltd and CRC Press LLC, 1999, pp. 168-175.

[7]

www. Google.com, Wikipedia of pumice stone (retrieved:
February, 25, 2013 at 9.30 pm).

[18] M. A. kasheem, Garments Merchandising, Lucky-one Traders
publications 2008, pp. 220-224.

[8]

Hams group, personal communication, hams washing &
dyeing LTD., 190, Tejgaon, I/A, Dhaka, Bangladesh, 2009.

[19] V. A. shenai, Chemistry of Organic Textile Chemicals, 2nd ed.,
Publishers, Bombay- 4000031, 1995, pp. 180-183.

[9]

S. Mazumder, “Effects of sand blasting with Industrial
Enzyme silicon wash on Denim apparel Characteristics”
Daffodil International University Journal of science and
Technology, vol 5, Issue 4, January 2010, pp 6-10.

[20] M. I. H. Mondal, M. M. R. Khan, “Characterization and
process optimization of indigo dyed cotton denim garments by
enzymatic wash”, Fashion and Textile, 2014, 1: 19, pp-1-2.

[10] ASTM D 1776 “standard practice for conditioning textile for
testing” American society for testing and materials, annual
book of ASTM Standards, ASTM International, west
Conshohocken, PA, USA, vol 7 (1), 2008.
[11] ASTM D 3776, “standard test method for mass per unit area
(weight) of woven fabric,” American society for testing and
materials, annual book of ASTM standards, ASTM
international, west Conshohocken, PA, USA, vol. 7 (2), 1996.
[12] AATCC test method 96, dimensional changes in commercial
laundering of textile chemists and colorists, 2009.
[13] AATCC test method 61 “color fastness to laundering, home
commercial: accelerated”, American Association of texresca
triangle park, N. C., USA, 2010.

[21] M. A. Taylor, “Technology of Textile Properties”, Forbes
Publication, Third edition, 1990, pp-172-173.
[22] Booth. J. E.; “Principles of textile testing”, CBS
PUBLISHERS AND DISTRIBUTORS, Third edition, 2008, pp:
276-277.
[23] IS-11056” METHOD FOR DETERMINATION OF AIR
PERMEABILITY OF FABRICS”, Indian Standard, 1984.
[24] U. N. Haq, M. M. R. Khan, M. M. R. Khan,
“INVESTIGATION OF THE BULK, SURFACE AND
TRANSFER PROPERTIES OF CHLORINE BLEACHED
DENIM APPAREL AT DIFFERENT CONDITION”,
European Scientific Journal, Vol. 11, No. 12, 2015, pp- 221222.

