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Abstract: This study involves the use of food-grade chemicals in the integrated pest management of
dry-cured ham through the use of 100% polyester weft knitted mesh nets, an idea that was derived
from a previously published study in the literature. Tubular mesh nets that are used to contain
dry-ageing hams, commonly referred to as ham nets, were treated with a patent-pending food-grade
chemical solution (40% Propylene Glycol + 1% Propylene Glycol Alginate + 1% Carrageenan) to
control ham mites. Both treated and untreated ham nets were compared for mechanical performance
characteristics based on the following standards: abrasion resistance (ASTM D4966), elastic recovery
(BS EN 14704-1:2005), breaking strength (ASTM D5034-09), and bursting strength (ASTM D3786). The
results indicate that the chemical treatment had minimal to no impact on the mechanical performance
characteristics of ham nets. The obtained SEM images also showed no negative effect on the fiber
morphology due to the applied chemical solution. The findings support the use of treated ham
nets to increase the end-use functionality and provide ham producers an option for integrated pest
management without compromising mechanical performance needs.

Keywords: dry-cured ham; food-grade chemical; coating; mechanical performance characteristics;
chemical treatment; ham nets; pest management; mechanical test; mesh fabric

1. Introduction

Dry-cured ham aging involves the use of textiles to hang the cured meat for 3–24 months
to develop the desired flavor. During the aging process, one type of mite, Tyrophagus
putrescentiae, commonly referred to as a ham mite, may grow on the ham’s surface [1]. A
vital component of a pest management program in the ham industry uses the fumigant
Methyl Bromide (MB). Since 1930, MB, as a fumigant, controlled ham mites during aging,
but production is no longer permitted globally [2]. However, the dry-cured ham industry
exercises an exemption to use the existing stock, and this has significantly increased the
MB price. Therefore, it is critical to find a safe, effective, and cheap alternative to MB before
depleting the existing stock [3].

A safe and cheap MB alternative is not only functionally significant but also impacts
economic and dietary significance. Dry-cured ham is one of the most popular forms
of ham among the market’s available types [4]. In 2019, the United States consumed
approximately 3.3 million tons of hams, which estimates approximately $2.9 billion and
predicted to be $3.1 billion in 2020 with a growth rate of 2.6% [5]. In Europe, Italy, Spain,
and France produce 325,000 tons of dry-cured hams each year [6]. In terms of nutritional
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and dietary advantages, dry-cured ham is useful for cardiovascular disorders, high blood
pressure, various types of cancer, diabetes, and obesity [7]. The United States Department
of Agriculture (USDA) does not allow the sale of homemade country ham to the public due
to mites, mold, and fungi on the surface [8]. Therefore, all the dry-cured ham sold in the
U.S. is from a commercial or industrial processor. Any delay for an MB alternative before
consuming the current MB stock will jeopardize the commercial dry-cured ham industry
in the United States.

The application of chemical layers directly on the textile surface adds functionality
and value, which enhances the tactile qualities, and aesthetic appearances are considered
the most feasible technology to alter textiles’ surface performance [9]. Some common
examples of surface treatments include water repellency, flame retardant, and lamina-
tion [10]. The treatment materials directly influence the performance characteristics of
the end product [11]. Apart from the functional advantages, the surface treatments have
some disadvantages, such as surface defect and messiness, superficial saturation, large
energy consumption, and short-lived adhesion [12]. In terms of polymer deposition on the
surface, the polymer and fabric must endure distortion and recover from daily wear, such
as twisting and stretching. The polymer coating must retain the surface’s structure and
shape when exposed to the environment [13]. Various functional additives, such as organic
compounds, inorganic particles, and polymers, are used on synthetic textiles to strengthen
the mechanical performance characteristics to apply those in the food industry [14]. These
treatments improve the textiles’ mechanical performance, providing, for example, high
mechanical strength, wear, and abrasion resistance, and thus, offer possible methods for
varying surface performance. Moreover, the surface treatment also affects the textiles’
mechanical performance characteristics [15].

Niekraszewicz et al. (2005) [16] applied an anti-mite modified polypropylene (PP)
fiber in the nonwoven textiles to fabricate bedding inserts. The results indicated that the
addition of anti-mite agents (0.25% to 2.5% wt) in the PP fiber did not affect the final
nonwoven’s physical–mechanical properties. The results indicate positive effects on mild
allergy conditions and the controlling of the population of dust mites. However, the
results of the study report limitations to its efficacy against other species of mites. Rahel
et al. (2013) [17] carried out a chitosan surface coating with metal (Cu2+, Ag+, Zn2+) ions
on plasma-treated nonwoven textiles. The results indicated that the chitosan with Ag+
metal ion coating on the ham netting was significantly effective against the ham mites.
However, the researchers do not recommend applying chitosan/Ag+ on the food surface
due to its high toxicity. The coating effects on the nonwoven textiles’ mechanical properties
were outside the 2013 study’s scope. Abbar et al. (2016) [18] used a coating of propylene
glycol, lard, ethoxyquin, or butylated hydroxytoluene on the ham surface. They also used
another coating of food-grade ingredient solution that includes PG, PGA, CG on the ham by
dipping the ham cubes into the coating solution. The results indicated that the food-grade
ingredients were effective in inhibiting the reproduction of ham mites.

Zhang et al. (2017) [3] applied a coating of food-grade ingredients on ham nets by
means of dip coating at the laboratory settings. The food-grade ingredient coating includes
Xanthan Gum (XG), Propylene Glycol (PG), Propylene Glycol Alginate (PGA), and Car-
rageenan (CG). Dip coatings effectively inhibited the growth and reproduction of ham
mites without affecting the ham’s sensory qualities. As in previous studies, the researchers
did not examine the coating solutions’ effect on the treated ham nets’ mechanical perfor-
mance characteristics. Campbell et al. (2017, 2018) [1,2] used polyester/cotton and cotton
nets coated with PG, PGA, and CG on the laboratory scale. The results indicated that the
coated nets controlled the infestation of ham mites more effectively than the untreated nets
and directly treated ham. However, this study did not conduct a mechanical performance
evaluation of the treated versus untreated nets. They also reported that all previous works
were not economically feasible in commercial settings.



Eng 2021, 2 470

1.1. Research Gap

Prior research on MB alternatives to dry-cured ham nets focuses primarily on the
effectiveness of chemical alternatives to control ham mites. Research remains limited in
terms of the effect of the applied chemicals on the mechanical performance characteristics
of treated ham nets. In the dry-cured ham aging process, a whole green ham weighs around
8 kg–10 kg (17.8 lb–22.22 lb), which exerts pressure on the multi-direction of the nets during
aging [2]. The hanging mass on nets imparts forces simultaneously in all directions [19].
The breaking strength test measures the breaking force of the specimen lengthwise or
widthwise, which does not conform to the exerted multi-directional pressure [20] of ham
to the netting during aging. Dry-cured hams exert heavy stress on the nets for a long time.
Therefore, maintaining the treated nets’ mechanical performance characteristics compared
to untreated nets throughout the aging period is necessary. Campbell et al. (2018) reported
that 40% PG, 1% PGA, and 1% CG coating solution, when applied on 100% polyester
ham nets, could effectively slow down the ham mite growth. In a follow-up preliminary
performance study, Al-Amin et al. (2020) indicated that the application of a coating solution
does not affect the mechanical performance characteristics of various fiber ham nets.
Abrasion resistance, breaking strength, and elastic recovery testing methods were used to
assess the mechanical performance evaluation. However, limitations included failure to
evaluate biaxial bursting strength performance, direct net construction comparisons, and
exact fiber/yarn size comparisons.

Therefore, based on the preliminary study [21] the following limitations were identified.
No biaxial test, such as the bursting strength test, was performed, which is the most

important mechanical test for ham nets.
All mesh nets were not of the same construction, in terms of, for example, weight in

grams per square meter (GSM) and stich length, although the fiber contents were of 100%
cotton, and thus, a true comparison could not be justified.

The sample size was not consistent across all the performed tests, such as ten for
the tensile strength test and six for the abrasion-resistance test, which may have brought
inconsistency in the results.

Visual assessment of abrasion resistance with the gray scale for color change did not
always reflect the expected outcome for mechanical performance characteristics. Gray
scale, for color change, was predominantly used for the colorfastness test.

1.2. Purpose of the Study

Therefore, the purpose of this study is to make a true comparison of the effect of
food-grade PG solution treatment on the mechanical performance characteristics (abrasion
resistance, elastic recovery, breaking strength, and bursting strength) between treated and
untreated 100% polyester ham nets based on the identified research gaps and limitations of
the preliminary study of Al-Amin et al. (2020).

1.3. Hypotheses

Based on the previous studies, and the purposes of those studies, the following
hypotheses were formulated.

Ha0. The results will not validate the preliminary findings of no significant differences in the
abrasion resistance between treated and untreated ham nets.

Haa. The results will validate the preliminary findings of no significant differences in the abrasion
resistance between treated and untreated ham nets.

Hb0. The results will not validate the preliminary findings of no significant differences in the elastic
recovery between treated and untreated ham nets.

Hba. The results will validate the preliminary findings of no significant differences in the elastic
recovery between treated and untreated ham nets.
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Hc0. The results will not validate the preliminary findings of no significant differences in the
breaking strength between treated and untreated ham nets.

Hca. The results will validate the preliminary findings of no significant differences in the breaking
strength between treated and untreated ham nets.

Hd0. There will be no significant differences in the bursting strength between treated and untreated
ham nets.

Hda. There will be a significant difference in the bursting strength between treated and untreated
ham nets.

2. Materials and Methods

Based on the previous studies and the hypotheses developed, a quantitative research
methodology was used to evaluate the comparison of mechanical performance characteris-
tics between a treated knit mesh net and an untreated knit mesh net of the same lot. Earlier
research indicated that the treatment of a ham net with a Propylene Glycol (PG), Propylene
Glycol Alginate (PGA), and Carrageenan (CG) solution improved the end-use functionality
of the ham nets [1]. However, this research (Campbell et al., 2018) did not examine the effect
of the treatment on the mechanical performance characteristics of that net. Initial research
validates the application of abrasion resistance (ASTM D4966), breaking strength (ASTM
D5034-09), elastic recovery (BS EN 14704-1:2005), and bursting strength (ASTM D3786) test
methods to evaluate mechanical performance characteristics of treated and untreated ham
nets. Apart from the mechanical performance characteristic testing procedures, both treated
and untreated ham nets were assessed by visual morphology analysis. Data obtained from
the mechanical performance characteristic tests were analyzed by independent sample
t-test using the Statistical Package for Social Sciences (IBM SPSS, Version 26.0, IBM, New
York, NY, USA).

2.1. Samples

The untreated circular knit ham nets (Figure 1a) with the technical specifications of (1)
100% polyester, (2) weight of 140 g per square meter (GSM), (3) a stitch length of 63.4 cm
per 200 needles, (4) a wale per inch (WPI) of 24.8 (3.9/cm2), (5) a course per inch (CPI) of
39.4 (6.1/cm2), and (6) a diameter of 19.8 cm were provided by Dickson Industries, Inc.,
Des Moines, IA, USA. Half of the received untreated sample was treated following the
treatment procedures outlined by Campbell et al. (2018). Ten specimens from each of the
samples were selected for each of the tests in accordance with the recommendation of
earlier studies and the respective ASTM and BS test methods.

Eng 2021, 2, FOR PROOFREADING 
 

 

Hb0. The results will not validate the preliminary findings of no significant differences 
in the elastic recovery between treated and untreated ham nets. 
Hba. The results will validate the preliminary findings of no significant differences in 
the elastic recovery between treated and untreated ham nets. 
Hc0. The results will not validate the preliminary findings of no significant differences 
in the breaking strength between treated and untreated ham nets. 
Hca. The results will validate the preliminary findings of no significant differences in the 
breaking strength between treated and untreated ham nets. 
Hd0. There will be no significant differences in the bursting strength between treated 
and untreated ham nets. 
Hda. There will be a significant difference in the bursting strength between treated and 
untreated ham nets. 

2. Materials and Methods 
Based on the previous studies and the hypotheses developed, a quantitative research 

methodology was used to evaluate the comparison of mechanical performance character-
istics between a treated knit mesh net and an untreated knit mesh net of the same lot. 
Earlier research indicated that the treatment of a ham net with a Propylene Glycol (PG), 
Propylene Glycol Alginate (PGA), and Carrageenan (CG) solution improved the end-use 
functionality of the ham nets [1]. However, this research (Campbell et al., 2018) did not 
examine the effect of the treatment on the mechanical performance characteristics of that 
net. Initial research validates the application of abrasion resistance (ASTM D4966), break-
ing strength (ASTM D5034-09), elastic recovery (BS EN 14704-1:2005), and bursting 
strength (ASTM D3786) test methods to evaluate mechanical performance characteristics 
of treated and untreated ham nets. Apart from the mechanical performance characteristic 
testing procedures, both treated and untreated ham nets were assessed by visual mor-
phology analysis. Data obtained from the mechanical performance characteristic tests 
were analyzed by independent sample t-test using the Statistical Package for Social Sci-
ences (IBM SPSS, Version 26.0, IBM, NY, USA). 

2.1. Samples 
The untreated circular knit ham nets (Figure 1a) with the technical specifications of 

(1) 100% polyester, (2) weight of 140 g per square meter (GSM), (3) a stitch length of 63.4 
cm per 200 needles, (4) a wale per inch (WPI) of 24.8 (3.9/cm2), (5) a course per inch (CPI) 
of 39.4 (6.1/cm2), and (6) a diameter of 19.8 cm were provided by Dickson Industries, Inc, 
IA. Half of the received untreated sample was treated following the treatment procedures 
outlined by Campbell et al. (2018). Ten specimens from each of the samples were selected 
for each of the tests in accordance with the recommendation of earlier studies and the 
respective ASTM and BS test methods. 

 
Figure 1. Untreated (a) and treated (b) ham net sample. Figure 1. Untreated (a) and treated (b) ham net sample.

2.2. Chemical Solution

According to Campbell et al. (2018), a food-grade chemical solution of 40% PG + 1%
PGA + 1% CG was prepared for the surface treatment. Here, PG is the main ingredient to
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control the growth of the ham mite. PGA and CG are the binders to keep the PG on the net
and prevent evaporation of the PG. The PG was acquired from Hawkins, Inc. (Roseville,
MN, USA) with the lot number 384,781; the PGA and CG were provided by TIC Gums,
White Marsh, MD, USA. At first, one liter of 400 g PG solution was prepared. Then, 10 g
of carrageenan (CG) and 10 g of propylene glycol alginate (PGA) were slowly mixed into
the PG solution. After that, all of the solution, containing 420 g of chemicals, was taken
into a pot of three-liter volume where 580 g of warm (35 ◦C–50 ◦C) water was added
slowly by vigorous stirring. The solution was heated up with continuous stirring until the
temperature reached at 85 ◦C. Finally, the solution was transferred to a netting machine
(Midwest Metal Craft & Equipment Company, Winsor, MO, USA) to immerse the nets into
the solution. The soaked nets were squeezed when passing through a padding roller. The
treated nets (Figure 1b) were vacuum packed and kept for conditioning.

2.3. Conditioning

Before the mechanical performance characteristic testing, samples were precondi-
tioned according to ASTM D1776/D1776M Standard Practice for Conditioning and Testing
Textiles. Both treated and untreated samples were kept in a conditioned laboratory at
the temperature of 20 ± 2 ◦C (68 ± 4 ◦F) with a relative humidity (RH) of 65 ± 2%. The
treated sample was packed with a (50.8 cm × 71.12 cm) vacuum bag (3 mL standard barrier,
nylon/PE clarity pouches, Kansas City, MO, USA) with a dual chamber vacuum packaging
machine (Model 2100, Koch equipment LLC, Kansas City, MO, USA) as it contained volatile
chemical solution, whereas the untreated samples remained flat on a table surface at 20 ◦C.
However, both the treated and untreated samples received sufficient conditioning before
the test, as per the aforementioned ASTM standard.

2.4. Mechanical Performance Test

The recommended methodologies from the prior studies were followed to evaluate
the mechanical performance characteristics, such as abrasion resistance, elastic recovery,
breaking strength, and bursting strength. The apparatuses, specimen selection, procedures,
evaluation, and data reporting were followed in accordance with the international standard
guidelines set by ASTM International [22–24] and the British Standards Institute.

2.4.1. Abrasion Resistance

A six–head Nu-Martindale abrasion and pilling tester (James Heal, UK) was used to
test the abrasion resistance following the ASTM standard method D4966–Standard Test
Method for Abrasion Resistance of Textile Fabrics (Martindale Abrasion Tester Method)
with 9 kilopascals (kPa) of pressure on each head. The specimens were cut as circular areas
with diameters of 38 mm. ASTM recommends testing at least three specimens from each of
the samples [25]. Moreover, Nautiyal and Vasugi (2018) [26] evaluated five specimens for
their abrasion resistance test of single jersey cotton fabric samples. Hence, as a valid number,
ten random specimens from both the treated and untreated samples were evaluated.

According to the ASTM standard D4966, the six-head Nu-Martindale Abrasion and
Pilling Tester was calibrated. The circular specimens were cut using a press cutter and
inserted on the head of the tester with the support of a circular polyurethane foam of equal
area to the specimen in between the specimen and metal insert to keep the specimen flat
and even throughout the abrasion cycle. The specimens were abraded until the first thread
broke by showing a hole on the abraded surface. After 7000 cycles, the specimens were
checked in a regular interval of 500 cycles. The number of cycles abraded to make a hole or
break the first yarn was recorded.

2.4.2. Elastic Recovery

A Fabric Extensometer (James Heal, UK) was used to test the elastic recovery follow-
ing the standard test procedures of BS EN 14704-1:2005. Wardiningsih et al. (2013) [27]
evaluated five specimens from each of the samples, for each direction, in their elastic
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recovery test of compression garments, which validates that five or more specimens is
a valid number for this mechanical test. However, to obtain more accurate results, ten
random specimens from each of both the course and wale directions, from the treated and
untreated nets, were evaluated according to the following procedures outlined in BS EN
14704-1:2005.

The specimen size was cut as 85 mm × 75 mm. Two reference points were marked
on the specimens aligning perpendicular to the two jaws on the tester. The linear distance
between the reference points (P) was recorded. One jaw was fixed, and the other was
movable. The minimum and initial distance between the jaws was constantly 75 mm (E).
After inserting the specimen into the jaws of the extensometer, a 3 kg mount weight was
hung to the movable jaws, with the support of a metal wire, to expedite the extension force
to the specimen at the time of extending the movable jaw. The distance between the jaws
after turning the wheel (L) five times was recorded. The specimen was taken off after at
least ten seconds. The distance between the reference points (Q) was recorded. All the
measurements were taken in mm. The procedure was undertaken for both directions of the
treated and untreated specimens. Calculations were made following the equation outlined
in BS EN 14704-1:2005.

S =
L − E

E
× 100% (1)

C =
Q − P

P
× 100% (2)

D = 100% − C (3)

R =
D
S

× 100% (4)

Note: S = elongation; C = unrecovered elongation; D = recovered elongation; R = elastic
recovery; L = length after 5th cycle; E = initial length; Q = distance between reference marks
after 5th cycle; P = initial distance between reference marks.

2.4.3. Breaking Strength

A Mark–10 ESM 1500 tensile strength tester was used to test the breaking strength
following the ASTM D5034-09 Breaking Strength and Elongation of Textile Fabrics-Grab
Test as the standard method for breaking strength, with a load cell of 226.8 kg and a gauge
length of 6.35 cm. Specimens were cut with their long dimensions parallel to both the
course and wale directions, at a size of 7.62 cm by 5.08 cm (3 inches × 2 inches), from
both the treated and untreated samples. The ASTM recommends testing at least three
specimens from each of the samples [23]. However, as a valid specimen number, ten
random specimens, for each of the directions, from both treated and untreated samples
were evaluated.

The cut specimen was placed lengthwise in the jaws of the tensile tester. The bottom
jaw was fixed while the upper jaw was movable. Once the upper jaw started moving
upward, the specimen also started extending. At a certain point, the applied load broke
the specimen. The maximum load (N) at the breaking point was recorded.

2.4.4. Bursting Strength

A Truburst4 (model–1440 Truburst4, James Heal, UK) pneumatic bursting strength
tester was used to test the bursting test following the ASTM D3786 Standard Test Method
for Bursting Strength of Textile Fabrics—pneumatic bursting strength tester method. The
tester has built-in calibrated test procedures based on the ASTM International and ISO
standards. This test requires a maximum air pressure of 1000 kPa (kN/m2)/145 psi/10 bar.
The circular rubber diaphragm and the specimen had a diameter of 29.8 cm, whereas the
testing area was 7.3 cm2 (diameter 30.5 mm). Nautiyal and Vasugi (2018) evaluated five
specimens for the bursting strength test of single jersey cotton fabric using the ASTM
D3786 method. Hence, as valid number, 10 random specimens were evaluated from both
untreated and treated samples.
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The circular specimens were cut at an equal diameter of the rubber diaphragm. At
first, the diaphragm was inserted at the center of the test area. The specimen was placed on
the diaphragm and the dome was set on the test area. Then, the Truburst4 was run with an
air pressure of 1000 kPa according to the built-in ASTM standard calibrated method, and
this continued until the sample burst with the required pneumatic pressure. The maximum
bursting pressure (kPa), distension (mm), and time (s) to burst the specimen were recorded.

2.4.5. Fiber Morphology Analysis

Scanning Electron Microscope (SEM) images of treated and untreated ham nets were
taken using a ZEISS EVO–50 H (Germany) scanning electron microscope to observe the
fiber morphology and to investigate the in-depth effect of the chemical treatment on the
fiber physiology. All the images were processed at different microscales (20 µm, 50 µm,
100 µm, and 200 µm) and at magnification levels ranging from 95× to 501×.

2.5. Statistical Analysis

The Statistical Package for Social Sciences (SPSS) software (version 26.0, IBM, New York,
NY, USA) was used to analyze the data to compare the mechanical performance characteris-
tics between the treated and untreated samples. To investigate the mechanical performance
characteristics, an independent samples t-test, at a 95% confidence interval, was conducted
for each of the samples as follows: abrasion resistance, elastic recovery (course and wale
direction), breaking strength (course and wale direction), and bursting strength. The inde-
pendent sample t-test is used to compare the means between two sample groups, which
is mostly convenient in cases in which there are equal specimen sizes from both sample
groups. The equal specimen sizes neutralize possible errors due to unequal standard devia-
tion (SD) [28]. For hypotheses testing, the independent sample t-test is applicable for even
small sample sizes (N ≤ 5) [29]. Therefore, the independent sample t-test has been a valid
statistical method for the testing of hypotheses when comparing mechanical performance
characteristics between untreated and treated ham nets through the evaluation of an equal
number of specimens from both groups of samples.

3. Results and Discussion
3.1. Abrasion Resistance

The average abrasion cycles for both the treated and untreated samples were more than
11,000. Usually, 100% polyester knitted fabrics can withstand up to 10,000 abrasion cycles,
given that the mechanical properties of the fabric vary with the type of fibers, yarns, fabric
structure, and finish [30]. The results of the independent samples t-test were not found
to be statistically significant, t (18) = −0.93, p > .05, resulting in the preliminary findings
of no significant difference in abrasion resistance between treated samples (M = 12,800,
SD = 3146.43, df = 9) and untreated samples (M = 11,750, SD = 1654.12, df = 9) not
being validated. Hence, the null hypothesis was accepted (Table 1). In addition, the
significant difference in abrasion resistance between treated and untreated ham nets stated
in the preliminary study was not validated. Moreover, the result is consistent with the
existing literature on the mechanical properties of 100% polyester fabric under Martindale
Abrasion testing.

3.2. Elastic Recovery

The independent samples t-test was conducted in both the wale and course directions.
The independent t-test for the wale direction showed a statistically significant difference
between the elastic recovery of treated (M = 5.64, SD = .768, df = 9) and untreated (M =7.36,
SD = 0.66, df = 9) samples; t (18) = 5.38, p < .05. Therefore, the null hypothesis was rejected
(Table 1). The results validate the preliminary study of significant effects of food-grade
treatment on the elastic recovery of the ham nets. Therefore, the significant difference in
elastic recovery in the wale direction between the treated and untreated ham nets stated in
the preliminary study was validated.
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Table 1. Independent samples t-test of abrasion resistance, elastic recovery, breaking strength, and bursting strength test.

Tests Samples DF 1 M 2 SD 3 SE 4 95% CI 5 t p

Abrasion
Resistance

Treated 9 12,800 3146.43 994.99 (10,459 15,050)
Untreated 9 11,750 1654.12 523.08 (10,566 12,933)

Eq. Var. diff 6 18 2852.39 1124.1 (−3467 1367) −0.93 .37

Elastic
Recovery

(Wale)

Treated 9 5.64 0.768 0.24 (5.09 6.19)
Untreated 9 7.36 0.66 0.21 (6.89 7.83)

Eq. Var. diff 18 0.77 0.32 (1.05 2.40) 5.38 <.05

Elastic
Recovery
(Course)

Treated 9 4.82 0.23 0.07 (4.66 4.99)
Untreated 9 5.06 0.41 0.13 (4.77 5.35)

Eq. Var. diff 18 0.26 0.15 (−0.075 0.55) 1.6 .13

Breaking
Strength
(Wale)

Treated 9 143.8 27.60 8.73 (124 164)
Untreated 9 99.5 19.95 6.31 (85 114)

Eq. Var. diff 18 28.87 10.77 (−68 −22) −4.11 <.05

Breaking
Strength
(Course)

Treated 9 114.50 13.14 4.16 (105 124)
Untreated 9 114.50 9.00 2.85 (108 121)

Eq. Var. diff 18 15.12 5.03 (−10.58 10.58) 00 1.00

Bursting
Strength

Treated 9 120.64 3.19 1.01 (118 123)
Untreated 9 120.29 2.48 .78 (119 122)

Eq. Var. diff 18 1.85 1.27 (−3.0 2.33) −0.277 .79
1 degree of freedom, 2 mean, 3 standard deviation, 4 standard error, 5 confidence interval, 6 equal Variance difference.

The results obtained for the course direction did not show a statistically significant
difference between the elastic recovery of treated (M = 4.28, SD = 0.23, df = 9) and untreated
(M = 5.06, SD = 0.41, df = 9) samples; t (18) = 1.6, p > .05. Therefore, the null hypothesis
was accepted (Table 1). Naturally knitted mesh fabrics are elastic due to the structure
of loops, which is why the effects of Poisson’s Ratio (PR) and Young’s Modulus (YM)
are predominant in knit fabrics compared to woven fabrics [31]. However, graphical
representation of elastic recovery in the wale direction (Figure 2) shows that untreated
samples have better elastic recovery values than those of treated samples. The elastic
recovery performances are less consistent after the treatment. On the other hand, in the
course direction (Figure 3) the untreated samples do not change significantly in terms
of their elastic recovery performance characteristics upon receiving food-grade chemical
treatment. The values are almost consistent for both types of samples.
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The results validate the preliminary study of the significant effects of food-grade
treatment on the elastic recovery of the ham nets. Therefore, the significant difference in
elastic recovery in the course direction between the treated and untreated ham nets stated
in the preliminary study has also been validated. The results from the elastic recovery tests
in both directions provide information indicating that the knitted mesh ham net is able to
perform in its originally intended state.

3.3. Breaking Strength

The breaking strength test in the wale direction shows a statistically significant dif-
ference between the treated (M = 143.80, SD = 27.60, df = 9) and untreated (M = 99.50,
SD = 19.95, df = 9) samples; t (18) = −4.11, p < .05. Therefore, the null hypothesis was
rejected (Table 1). The results validate the preliminary study of the significant effects of
food-grade treatment on the breaking strength of the ham nets. Therefore, the significant
difference in breaking strength in the wale direction between the treated and untreated
ham nets stated in the preliminary study was validated.

Unlike the wale direction, the results of the independent sample t-test for the course
direction did not show a statistically significant difference between the breaking strength of
treated (M = 114.50, SD = 13.14, df = 9) and untreated (M = 114.50, SD = 9.00, df = 9) samples;
t (18) = 0.00, p > .05. Therefore, the null hypothesis was accepted (Table 1). The results do
not validate the preliminary study of the significant effects of food-grade treatment on the
elastic recovery of the ham nets. Therefore, the significant difference in elastic recovery in
the course direction between the treated and untreated ham nets stated in the preliminary
study was validated.

3.4. Bursting Strength

The independent samples t-test did not indicate a statistically significant difference
between the bursting strength of the treated (M = 120.64, SD = 3.19, df = 9) and untreated
(M = 120.29, SD = 2.48, df = 9) samples; t (18) = −0.277, p > .05, Therefore, the null hypothesis
was accepted (Table 1). The results indicate the coating treatment does not significantly
affect the bursting strength of the treated ham nets.

3.5. Morphology Analysis Using SEM Images

The scanning electron microscope (SEM) images of the untreated sample show a
normal geomorphological condition with no visible swelling and relapse of the fibers
(Figure 4). However, the visual assessment does not identify any breakage or damage of
the inner fibers. On the other hand, the SEM images of the treated sample (Figure 5) show
food-grade chemicals adhered to the inner fibers with swelled diameters of the fibers due
to the absorption of chemicals. The visual assessment identifies the appearance of swelling
in addition to viscous surfaces of the fibers.
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3.6. Implications

Breaking strength plays a vital role during the aging of dry-cured ham. The statistical
analysis showed no treatment to have a positive effect on the breaking strength of ham nets,
which justifies the effectiveness of the treated ham nets for the dry-cured ham industry.

Similarly, being a multidirectional applied force, bursting strength is the major me-
chanical performance parameter to evaluate in ham nets during aging. The statistical
analysis also indicates that the treatment of ham nets with a PG solution does not affect the
bursting strength capabilities and could potentially decrease the risk of net failure during
the aging process.

The earlier literature supports the use and efficacy of food-grade chemicals in dry-
cured ham aging and the current research indicates no negative implications on the me-
chanical performance characteristics for treated vs. untreated nets.

4. Conclusions

For each of the individual mechanical performance characteristics (abrasion resis-
tance, elastic recovery, breaking strength, and bursting strength), the results indicate the
treatment on a circular knit ham net with a food-grade chemical solution of propylene
glycol, propylene glycol alginate, and carrageenan has little to no effect on the mechanical
performance characteristics of ham nets. For the dry-cured ham producers, this coating
treatment on a textile with this solution, as part of an integrated pest management program,
will perform just as well as—if not better than—the ham nets that are currently available
in the market. Furthermore, this study supports the use of food-grade chemicals and the
use of ham nets to increase the end-use functionality and provide ham producers with
an option for integrated pest management without compromising in terms of mechanical
performance needs.
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Limitations and Future Recommendations

An additional mechanical performance test, such as a tear test, could have been
incorporated to establish the tear strength of the sample ham nets.

The use of ham nets of different fiber contents, such as cotton or a cotton/polyester
blend nets, is recommended to investigate the mechanical performance characteristics.

Food-grade PG solution at the polymer extrusion stage can be applied to further
investigate the effect of food grade chemical solution on the mechanical performance
characteristics of polymer-treated ham nets for a longer time, with a view towards labor
saving in the dry-cured ham aging process.
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