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Abstract: Soils with poor bearing capacities represent a challenge to construction
engineers, therefore continuous investigation of different additives and stabilizers is
sought in order to improve such weak soils and reduce the cost of replacement. In this
paper, an experimental program is adopted to investigate the effect of environmentally
friendly material based on enzymes on the soil performance. The effect of different
dosages of two commercial enzymatic preparations on the soil strength, maximum dry
density and permeability of five different soils was examined. Besides, California Bearing
Ratio (CBR) and unconfined compressive strength (UCS) were conducted to investigate
the enhancement in soil strength. X-ray fluorescence (XRF) analysis showed a slight
increase in the silica ion content in the treated soils. It is inferred from the results that
using the enzymatic preparations significantly increased the strength of fine soil, the rate
of improvement was found to be proportional to the clay content in the soil.
Subjects: Materials Science; Nanobiotechnology; Civil, Environmental and Geotechnical
Engineering
Keywords: soil stabilization; enzyme; CBR; soil permeability
1. Introduction
Roads are crucial in the economic development for any country, the cost of construction is
influenced by different factors including the properties of the soil present in the construction
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Improving soil characteristics to meet the criteria
of road construction requires sometimes transportation of sand and or gravel from distant
areas; this poses an additional cost to the overall
process. New methods of road construction that
can reduce or eliminate the process of sand and
gravel replacement will be advantageous in
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site, sometimes, there is a need to replace the soil present due to poor engineering properties.
Various techniques are used to increase the soil strength, reduce compressibility, permeability,
shrinkage and swelling of soil, including: surface compaction, drainage methods, soil reinforcement, grouting and injection and chemical stabilization (Bryson & El Naggar, 2013; Guido, Chang, &
Sweeney, 1986; Hamidi, Nikraz, & Varaksin, 2009). Since few decades ago, enzymes as soil
stabilizers have been used to improve the strength of subgrades due to its wide applicability and
low cost compared to the conventional methods of soil stabilization.
Stabilization of soil with enzymatic preparations has been investigated by a number of researchers (Khan & Taha, 2015; Malko, Brazetti, Casagrande, & Silva, 2015; Tingle & Santoni, 2003;
Velasquez, Marasteanu, & Hozalski, 2006; Visser, 2007). Enzymes are protein in structures that
are usually found as catalysts in biological systems (Katz et al., 2001). They are known to speed the
reaction speed without being involved in the products. It is known that the properties of soil
particles, specifically the clay soil, are greatly influenced by the water layer adhering their surfaces
(Terzaghi, Peck, & Mesri, 1996). This layer thickness relates directly to the compressibility and
swelling properties of the soil. Reduction of such water layer would improve the soil engineering
performance (Tingle, Newman, Larson, Weiss, & Rushing, 2007). Many research projects are carried
out to study the effect of commercial preparations claimed to be enzymatic in nature and found in
the market under different brand names i.e. Terrazyme, Earthzyme and Permazyme as soil
stabilizers. Depending on enzymes and soil types as well as the curing time, their results showed
varying effects that ranged from modest to significant improvement (Khan & Taha, 2015; Layrea,
2003; Rajoria & Kaur, 2014).
Peng, Su, Zhang, and Wang (2011) studied the effect of curing conditions on three types of soils
stabilized with quicklime and enzyme. The tested samples were cured in two different conditions
up to 60 days i.e. air-drying and in a sealed container. They found that the soil stabilized with the
enzymatic preparation improved as monitored by an increase in the unconfined compressive
strength values in the air-drying curing. Rauch, Harmon, Katz, and Liljestrand (2002) measured
the performance of five different soils treated with three different liquid stabilizers: ionic stabilizer,
enzyme stabilizer, and polymer stabilizer, an obvious improvement in the bearing capacity, soil
density and lower soil permeability were observed.
Marasteanu, Hozalski, Clyne, and Velasquez (2005), conducted triaxial tests and determined the
resilient modulus for two types of soils (Soil-1 and Soil-2) that were treated by two different
enzymatic preparations (Enzyme-A and Enzyme-B). Soil-1 had 96% of fines (75% of clay) and
Soil-2 had 60% of fines (14.5% of clay). The chemical analysis was only done for Enzyme-1. The
analysis included: pH, total organic carbon concentration, inorganic anion concentrations and
metal concentration. The pH was 4.77 and it had a very high concentration of potassium and
moderate to high concentration of calcium, sodium and magnesium. The triaxial tests were
performed on two confinement pressures (27.6 kPa and 55.16 kPa). The results showed that the
soil treatment of Enzyme-1 increased the shear strength of soil-1 and soil-2 by 9% and by 23%,
respectively. On the other hand, in case of Enzyme-2 treatment, the increases in shear strength for
soil-1 and soil-2 were 31% and 23%, respectively. Besides, they also performed resilient modulus
tests with different confining and deviator stress. For instance, at 7 psi deviator stress, unlike for
Enzyme-1, highly improvement in resilient modulus was noticed for soil-1 with Enzyme-2 whereas
the increase in resilient modulus was about 55% for 85%. For Soil-2, at the same deviator stress
level the increase of resilient modulus reached to 51 % to 61% with Enzyme-1 and 57% to 137%
with Enzyme-2.
The application of enzymatic solution in the field is usually done via five sequential steps: (a)
ripping with a grader in order to facilitate moisture adjustment and prevent drainage of the
enzymatic solution upon application; (b) the pavement location is treated with dribble bar from
a watercart in order to increase the moisture content near the optimum moisture content (OMC);
(c) the enzymatic preparation is diluted according to the manufacturer guidelines; (d) the diluted
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enzymatic solution is sprayed over the pavement material and thoroughly mixed using a stabilizer
and finally; (e) shaping of the pavement is done using smooth drum roller several times (Renjith
et al., 2017).
The objective of this paper is to investigate the performance of five different soils, with a good
wide range of particle distribution, treated with two different enzymes. Soil strength, dry densities
and permeability of the improved soil were determined by laboratory investigations.

2. Experimental program
2.1. Soil properties
In order to assess the influence of enzymes on the soil performance, five types of soils are selected
to represent a wide range of soils existing in the different sites. Laboratory tests are carried out to
determine the engineering properties and strength characteristics of selected soils before and
after treatment by enzymes. Table 1 shows different engineering properties of soils used in this
study. Figure 1 shows photos for the examined soils and the grain size distribution according to
(ASTM D-2487. ASTM D-2487, 1998). Soil_1 and soil_2 are coarse grain materials (sandy soil) and
the soils 3, 4 and 5 are fine-grained materials. The soils used were collected from different
locations in Beni-Suef city and neighbor cities, Egypt, Figure 1, shows the latitude and longitude
locations of the different soils. All soils with and without enzymes were then tested to determine
the soil strength after 2 weeks curing period. The Proctor test was carried out to determine the
maximum dry density and the OMC of the samples. The enzyme solution was mixed with the soil
samples to reach the desired concentration and the optimal moisture content.

2.2. Enzymatic preparations
The enzymatic preparations used in the current study were obtained from commercial distributors.
These preparations are natural non-toxic, dark viscous liquids with molasses-like smell. Two
preparations were used during this study: Terrazyme denoted by Enzyme-A, purchased from
Nature Plus Inc. USA, is composed of ethoxylated alcohols, fermented vegetable extracts and
non-ionic surfactants (Khan & Taha, 2015). Permazyme purchased from Pacific Enzymes Inc. USA,

Table 1. Particle size distribution and physical properties of untreated soil
Type of soil

Soil-1
Sand (1)

Soil-2
Sand (2)

Soil-3
Sand & silty
clay

Soil-4
Clay (1)

Soil-5
Clay (2)

Gravel (%)

1.77

1.50

—

0.77

—

Sand (%)

84.82

94.85

40.52

18.73

13.80

8.90

1.00

19.48

40.5

70.17

Silt (%)
Clay (%)

4.50

2.50

40.00

39

16.00

cu

7.00

5.45

53.57

—

50.00

cc

1.85

1.55

0.07

—

12.50

Specific gravity Gs

2.64

2.7

2.45

2.41

2.71

LL%

—

—

36

38

32

PL%

—

—

25.3

25.2

22.8

—

—

10.7

12.8

9.2

PI%
γdmax (kN/m )
3

19.2

18.2

17.4

17.6

17.4

11.6

14.40

17.80

18.50

8

9.9

7.62

7.67

7.8

SW

SP

CL

ML

ML

(A—2–4)

(A—1—B)

(A—6)

(A—6)

(A—4)

O.M.C (%)

9.70

pH
Soil Classification USCS (ASTM D2487. ASTM D-2487, 1998)
Ashto Classification
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Figure 1. The properties of the
soils used in the current study,
the upper left panel shows the
locations of the soils in terms of
the latitude and the longitude
values; the upper right panel
are photos for the untreated
soils samples; the lower panel
shows the grain size distribution for the different soils used
in the current study.

denoted by Enzyme-B is composed of enzymes, proprietary ingredients and unspecified organic
material according to the Manufacturer. For characterization of the two preparations we conducted simple laboratory experiments that showed presence of protein content and non-ionic
surfactants in the two preparations.

2.3. X-ray fluorescence
X-ray fluorescence examination of three different soils: clay 1, clay 2 and fine sand were performed. For each soil two samples were examined before and after treatment with Enzyme-B
preparation.

3. Results and discussions
A series of experimental tests were performed on the five selected soils in order to investigate the
amount of improvement in dry density, soil permeability and soil strength. The value of improvement is presented here as a dimensionless factor. This factor indicates the ratio of improvement of
treated soil to untreated soil.

3.1. Maximum dry unit weight (γdmax)
The modified proctor test was performed on all natural soils and the same procedure was used to
identify any improvement in (γdmax) due to enzymes, the results are concluded in Figure 2. The
improvement in (γdmax) is presented by dimensionless factor (γdmax)r whereas the maximum dry
unit weight of stabilized soil is normalized to that observed in case of untreated soil. Figure 2
shows the change in (γdmax)r due to the variation of enzyme concentration. It can be seen that the
value of (γdmax)r slightly increase for fine soils by 1 to 6% and the Enzyme-B is more efficient. The
best concentration ratio for these soil types is about 0.005. For sandy soil, slightly decrease in
(γdmax)r can be observed for the two types of enzymes. Overall, insignificant improvement in dry
unit weight for treated soils was observed.
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Figure 2. The normalized γdmax
values for the different soils
before and after treatment
with the enzymatic preparations A and B.

3.2. Soil strength
This section presents the result of CBR and unconfined compressive strength (UCS) tests which
performed on the treated and untreated soils with. CBR was performed on all soil types and UCS
was applied on the all clayey soils at 5 gm/L concentration ratio with Enzyme-B.

3.2.1. California Bearing Ratio (CBR)
The standard test method for CBR test (ASTM D1883–99. ASTM D 1883–99, 2002) is used for
evaluate the CBR values of treated and untreated soil. Figures 3 and 4 show the effect of the
enzymatic preparations on the soil strength at five different concentration ratios of Enzyme_A and
three different concentration ratios for Enzyme_B. The improvement of soil strength is normalized
to that of untreated soil and represented by (CBR)r as shown hereinafter.
Figure 3 shows the effect of Enzyme_A through five values of concentration on the (CBR)r. It can
be noticed that the fine soil is highly improved by the enzymatic treatment compared to the sandy
soil. The results showed that the improvement of CBR values for Soil_3, Soil_4 and Soil_5 are about
2.75, 3.5 and 4.7 times respectively of that observed for untreated soils. These values have been
achieved at a concentration of 1.7 g/l for Soil_4 and Soil_5. For Soil_3, the best concentration was
found to be 2.5 g/l. On the other hand, for coarse soils (Soil_1, Soil_2), the improvement of the soil
strength was moderate and the maximum value of (CBR)r was 1.35 at 2.5 g/l concentration. The
same trend was observed for the soils stabilized by Enzyme_B as shown in Figure 4. The soil
strength improved especially in soil_3, soil_4 and soil_5 reaching the maximum at enzyme dosage
of 2.5 g/l concentration. As observed for Enzyme_A, the improvement of Soil_4 slightly increased
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Figure 3. Variation of (CBR)r of
enzyme_A treated soil for different dosages.

Figure 4. Variation of (CBR)r of
enzyme_B treated soil for different dosages.

with the concentration of enzyme. Furthermore, the strength improvement of Soil_5 decreases
with enzyme additive increases. In the case of fine soil, it can be seen that the improvement of
(CBR)r ranges from 2.5 to 4.5. Venkatasubramanian and Dhinakaran (2011) investigated the
improvement in CBR values for three different soils with different dosages. Their results showed
that the improvement in CBR values ranged from 12% to 35% through all types of tested soil. In
order to investigate the relationship between clay fraction and the value of improvement, Figure 5
is plotted. According the figure, it can be noted that the soil strength improvement increases with
the increase of in the clay content. It has been reported by the Manufacturer of the enzymatic
preparations that proper percentage of fine particles present in the soil is essential for getting
good stabilization results, this allows achieving high compaction and hence improved soil strength
characteristics.

3.2.2. Unconfined compressive strength
The standard test method of unconfined compressive strength (ASTM D2166. ASTM, D, 2003) was
performed to evaluate the ultimate compressive strength for cohesive soil. All three samples were
tested three times on strain control machine in order to determine average values of ultimate
compressive strength. Figure 6 shows an example of stress strain relationship predicted from the
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Figure 5. Effect of clay content
on the (CBR)r, based on experiments carried out with the
enzyme B.

Figure 6. Unconfined compression test results for untreated
and treated soils using enzyme-B.

test; it shows a comparison between the treated and the untreated soil samples. It is clear that
significant enhancement in the soil strength for the cohesive soils. This attributed to that the
enzyme provide some additional shear strength to soil whereas, the ultimate strength for stabilized soil increased by about 2.2, 3.3 and 3.6 times of ultimate strength that observed for untreated
soils for Soil_3, Soil_4 and Soil_5 respectively. These results are in a good agreement with the
results obtained from the CBR test at the same conditions. Peng et al. (2011) reported a similar
trend in their results.

3.3. Soil permeability
In addition to enhance the geotechnical engineering parameters such as shear strength and
stiffness, the sub-base soil must be designed to exhibit reasonable level of permeability. Undrained water in soil layers that supporting the layer of pavement can freeze and expand that
will create internal pressures in pavement structures and hence long term deformation. The
performance in permeability of soil due to enzymatic stabilization is illustrated in Table 2. In
order to investigate the enhancement in soil permeability, both constant and falling head permeability tests were performed for four soils, either untreated or treated using Enzyme-B at concentration ratio of 1.67 gm/l according to (ASTM D2434–68. ASTM, D, 2006). It can be noticed from
Table 3, that the enzymatic stabilization resulted in significant decrease in soil permeability of all
tested soils. Since the treated soil became tighter materials due to the enzymatic treatment, hence
the soil configuration reduces the migration of water through the voids between particles. The
coefficient of permeability of treated soil ranged from 0.4 to 0.16 times of the untreated soil. Figure
7 shows the relation between clay content and permeability ratio Kr where kr is the ratio between
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Table 2. Coefficient of permeability, k (cm/s) for untreated and treated soil
Soil type

Treated soil

Untreated soil

Improvement ratio

Test type

1.13E-3

2.87E-3

0.4

Constant head

Soil_2

1E-3

2.45E-3

0.41

Constant head

Soil_3

5.15E-8

3.3E-7

0.16

Falling head

Soil_5

1.8E-7

6.54E-7

0.28

Falling head

Soil_1

Table 3. Multi-element analysis of different soils before and after treatment with enzyme B
solution using X-ray fluorescence (XRF)
Sample

SiO2

Untreated
Soil-2
(Sand 2)

Treated
Soil-2
(sand 2)

65.2

71.9

Al2O3

2.51

1.99

Fe2O3

1.09

0.99

CaO

17.9

12

MgO

0.73

0.67

SO3

3.26

3.1

Na2O

0.63

0.47

Untreated
Soil-3
(Sandy &
silty clay)

Treated
Soil-3
(Sandy &
silty clay)

Untreated
Soil-4
(clay 1)

Treated
Soil-4
(clay 1)

35.3

40.2

47.2

48.6

12.6

13.4

13.4

14.7

6.14
11.6
2.28
11.1
1.27

6.29

9.73

9.77

11.9

7.83

7.71

2.4

3.28

3.56

7.09

0.8

0.9

1.47

1.1

0.9

K2O

0.46

0.53

0.89

0.73

0.94

0.93

TiO2

0.2

0.24

0.7

0.72

1.93

1.8

P2O5

0.08

0.07

0.08

0.07

0.2

0.24

Cr2O3

-

-

0.05

0.05

0.09

0.04

MnO

-

-

-

-

0.23

0.14

0.65

0.42

1.2

1.01

0.28

0.12

Cl−
PdO

-

-

-

-

-

L.O.I

7.03

7.39

16.5

12.3

2.11

12.7

10.4

Total

99.79

99.81

99.71

99.73

99.71

99.81

Oxide content is according to ASTM C114–00
L.O.I: loss on ignition is according to ASTM C114–15

Figure 7. Effect of clay content
on the coefficient of permeability ratio (Kr) based on
results obtained by enzyme B.
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coefficients of permeability of treated soils and the untreated ones. As seen in the results, the
value of Kr of the treated soils increases as the clay content increases. The treatment with
Enzyme-B is more efficient for fine soils and the amount of improvement increases with the
increase of clay content as shown in Figure 5.

3.4. X-ray fluorescence analysis
The use of XRF method allows soil speciation and multi-element analysis. Soil speciation refers to
the identification and quantification of the trace elements found in the soil. Table 3 shows the
results obtained, SiO2 recorded values for the treated and untreated samples respectively were as
follow: soil-2, 65.2% and 71.9%; soil-3, 35.3% and 40.2%; soil-4, 47.2% and 48.6%. These results
indicated increase in the silica content of the treated samples. The results are for soils treated with
Enzyme-B preparation. This indicates the probability that Enzyme-B preparation contain silicabased additive either in organic or in inorganic form to aid in stabilization process. In literature
nano-silica and silica fumes have been described as effective soil stabilizer (Bahmani, Huat, Asadi,
& Farzadnia, 2014). In case of soil-2, the CaO value was higher in the untreated sample compare to
the treated sample, this is probably due to local micro-environment variations in the soil type, this
is verified by the CaO results obtained for the other types of the soils, soil-3 and soil-4 which
showed no variation in the CaO content. The LOI—loss on ignition—values were almost similar
before and after treatment, which indicates there, was no much change in the organic material
remained in the treated samples compared to the untreated samples.

3.5. Notes on the enzymatic-based stabilization of soils
Enzymatic preparations commercially available in the market are labeled as safe preparations
derived from natural sources, however, the exact chemical composition is not revealed for commercial reasons. It has been described in literature that the enzymatic preparations are acting on
the surface properties of the soils rather than typical chemical changes and formation of new
compounds as illustrated in case of other soil stabilizers (Rauch et al., 2002). For example, calciumdependent soil stabilizers stabilize soil particles via formation of hydration products such as
calcium-silicate-hydrates (C-S-H), calcium-aluminate-hydrates (C-A-H) and calcium-aluminum-silicate-hydrates (C-A-S-H). One of the theories that explain the enzymatic-based soil stabilization is
the activity on the surface charges of the soil particles. Most clayey soils have a molecular
structure with a net negative charge. In order to maintain the electrical neutrality, the edges
and surfaces of clay particles attracts cations (positively charged). These cations are called
“exchangeable cations” because in most cases cations of one type may be exchanged with cations
of another type. When the cation charge in the clay structure is weak, the polarized water
molecules are attracted by the remaining negative charge as well as the spaces of the clays
structure is filled with ionized water. Enzymatic preparation are probably provides strong and
soluble cations that can exchange with the weaker clay cations to eject the water from the clay
structure. The loss of moisture leads to strengthening of the particle arrangement of the clay and
also in a reduction of the particle size and plasticity in a soil as well as higher density and
permanent structural change (Rauch et al., 2002). Furthermore, enzyme stabilizer improves the
bonding that allows soil materials particles to become closer to each other and more densely
compacted. The penetration of the enzymatic preparation active ingredients is aided by the
wetting agents—the surfactants—found in the enzymatic preparations.

4. Conclusion
In this experimental study, the effect of Bio-enzymatic stabilization on the performance of five
different type of soil is investigated. The selected soils represent a good wide range of particle size
treated with two different enzyme types. The improvement of soil compressive strength, compaction characteristic and permeability is determined by laboratory investigations and the following
conclusions can be drawn:
Enzymatic stabilization introduced a significant improvement in unconfined compressive
strength and California bearing ratio. It can be noted that the fine soil is highly improved by
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enzyme additive when it compared by the sandy soil. For fine soil, the improvement in ratio
ranges from 2.75 to 4.5 times those values observed for non-treated soil and the best concentration ratio is found to be 0.25%. Also, significant enhancement of soil permeability is achieved
due to Bio-enzymatic stabilization and whereas, the coefficient of permeability of treated soil
ranges from 0.4 to 0.16 times that observed for untreated soil. Furthermore, the improvement in
soil strength and soil permeability increases with the increase of clay content in soil.The results
showed little improvement in maximum dry density for fine soil and insignificant increase for
coarse soil.
Although the enzymatic stabilization resulted a good improvement in soil strength accompanied by an enhancement in its permeability, but at the same time we emphasize that the
laboratory results must be verified under real conditions in the construction site. Typical
enzymatic activity that involves creation of new chemical bonds between soil particles or
between soil particles and water cannot be claimed unless supported by robust experimental
techniques
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