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Abstract:

With dry weather and low humidity in autumn and winter, human skin is usually prone to dryness, even leading to
itchy skin and other problems, so it is important to do a good job of skin moisturizing. The fabrics produced by using
protein fiber have a certain moisturizing effect on human skin. Five types of yarn including collagen fiber, cheese
protein fiber, silkworm pupa protein fiber, cashmere protein fiber, and viscose are chosen as veil materials, while
nylon/spandex composite fiber is chosen as inner yarn material. Three fabric structures including the weft plain stitch,
1+ 1 mock rib, and 1+ 3 mock rib are selected for the study. Based on the full factorial experimental design method,
156 samples of seamless knitted fabrics are produced using a circular knitting machine. In order to investigate the
effects of different veil materials and fabric structure of seamless knitted fabric on skin moisturizing performance, the
skin moisture content test and the trans-epidermal water loss test were carried out before and after the fabric
samples were wrapped around the skin of 20 participants. The results show that both the veil materials and the
fabric structure have significant effects on the skin moisture content. The use of collagen yarn as the veil material and
1 + 1 mock rib as the fabric structure results in better moisturizing effects on human skin. In terms of the trans-
epidermal water loss test, the fabric structure has significant effects on the results, while the veil material has no
significant effect on it. However, the value of trans-epidermal water loss of the fabric with protein yarn is smaller than
that of the fabric with ordinary viscose. Therefore, using cheese protein yarn as the veil material and 1+ 1 mock rib as

the fabric structure results in a smaller trans-epidermal water loss value.
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1. Introduction

Skincare textiles contain substances that are released over
time on the human skin [1] and have certain skincare or cos-
metic effects [2]. Generally, the textiles that can be used for skin
care and moisturizing must ensure that they are natural, healthy,
and non-irritating to the skin. Therefore, the raw materials of
skincare textiles should be sourced from pure natural raw mate-
rials or extractions of natural raw materials as far as possible, so
as to ensure that they are mild to the skin and safe for the human
body and the natural environment [3].

Protein fiber has a shorter production cycle than chemical fiber.
It is recyclable, environmentally friendly, and also can reduce
energy consumption. Because of the preparation process
through blending modification technology, protein fiber has
some excellent performance characteristics that other natural
fibers do not have. Therefore, it is also widely used in the field
of textile and clothing.

Nowadays, a series of moisturizing fiber and textiles with cos-
metic and skincare functions have been developed [4,5], con-
tributing to a certain richness and innovation of textile industry
products. Some researchers found that vitamin E-textiles have
moisturizing effects on the skin. The reason was that when
proteases were destroyed, the skin tissue in contact with the
fabric would produce a large amount of active ingredients,
which could allow vitamin E to enter the skin and exert its
effects [6].

Therefore, it is of great application value to design and develop
protein seamless knitting products with a good moisturizing
effect by combining seamless knitting technology with protein
fiber. This study is based on the moisturizing effect of protein
fiber on human skin, analyzes the influence of the fabric struc-
ture and raw materials of protein fiber seamless knitted fabrics
on the moisturizing performance of human skin, and proposes
a reference theoretical basis and test method of the moistur-
izing performance of protein fiber seamless knitted products.
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2. Experimental
2.1. Materials
2.1.1. Selection of yarn scheme

This study mainly researches the effect of protein fiber seam-
less knitted fabric on the moisturizing performance of human
skin. 11.81tex (50s) collagen yarn, 11.81tex (50s) cheese
protein yarn, 11.81tex (50s) silkworm pupa protein yarn,
11.81 tex (50 s) cashmere protein yarn, and 11.81 tex (50 s)
viscose yarn are chosen as veil materials, while 2.22 tex/
3.33 tex (20D/30D) nylon/spandex composite yarn is chosen
as the inner yarn material, and the front coil as the face yarn
and the back coil as the inner yarn. The specific face yarn
specifications are shown in Table 1.

The cheese protein yarn, silkworm pupa protein yarn, and
cashmere protein yarn were purchased from Sichuan Yibin
Huimei Fiber New Material Co., Ltd, collagen yarn was pur-
chased from Qingdao Bonte Fiber Co., LTD., and viscose
yarn and nylon/spandex composite yarn were purchased from
Yiwu Huading Nylon Co., Ltd. The four protein fiber raw mate-
rials are obtained by adding extracted protein solutions to the
spinning solution and then spinning. Due to the limited yarn
available in the market, the four types of protein yarn selected
in this study are blended with protein fibers and other types of
fibers. The blending ratios of collagen yarn and silkworm pupa
protein yarn were 70% viscose + 30% collagen fiber and 70%
viscose + 30% silkworm pupa protein fiber. The blending ratio
of cheese protein yarn is 40% Lanzing Modal + 30% acrylic +
30% cheese protein fiber, in which Lanzing Modal fiber is a
cellulose regenerated fiber with high moisture modulus viscose
fiber. The blending ratio of cashmere protein yarn is 40% Jasel
+ 30% acrylic + 30% cashmere protein fiber, in which Jasel fiber
is a viscose staple fiber. The blending proportion of protein fiber
in the four protein yarns is 30%.

2.1.2. Fabric structure design

Fabric structure design has a certain impact on the appearance
and performance of seamless knitted fabrics. This study mainly
focuses on seamless knitted products for autumn and winter.
Therefore, based on the actual production characteristics and
the wearing needs of winter knitted fabrics, three commonly
used structures of seamless knitted products in autumn and
winter were selected, namely weft plain stitch, 1 + 1 mock rib,
and 1 + 3 mock rib [7].

Table 1. Face yarn raw materials and specifications

Table 2. Factor level sheet

Number Factors
A (Raw materials) B (Fiber
structure)
1 Collagen yarn Weft plain stitch
2 Cheese protein yarn 1+ 1 mock rib
3 Silkworm pupa 1 + 3 mock rib
protein yarn
4 Cashmere —
protein yarn
5 Viscose yarn —

2.1.3. Establishment of sample scheme

In this study, the veil raw materials and fabric structure are
taken as experimental factors. There are five levels of raw
materials, namely collagen yarn, cheese protein yarn, silkworm
pupa protein yarn, cashmere protein yarn and viscose yarn.
There are three levels of fabric structure, namely weft plain
stitch, 1 + 1 mock rib stitch and 1 + 3 mock rib stitch. The
specific factor levels are shown in Table 2. The full-factor
experimental design method is used to design the sample
scheme, so as to find the performance differences of protein
fiber seamless knitted fabrics with different raw materials and
fiber structure of veil yarn. The specific sample scheme is
shown in Table 3.

The 15 fabric samples in this study were woven by Saint-Tony
SM8-TOP2 MP seamless circular knitting machine, as shown in
Figure 1. This machine has an 8-loop system, each loop system
has eight nozzles. During weaving, each loop system threads a veil
and an inner yarn, with a ratio of 1:1 between the veil and the inner
yarn. All seamless knitted samples were woven with the same
weaving parameters: machine number, 28 stitches/inch; barrel dia-
meter, 14 inches; needle number, 1,248 stitches; and the height
position of the loop triangle was the same. Due to the influence of
factors such as the raw material and organizational structure of the
veil, the density, square meter weight, and thickness of each
sample may vary after being removed from the machine.

The horizontal and longitudinal density test results of 15 seam-
less knitted fabrics in this article are shown in Table 4. Among
them, horizontal density refers to the number of coils within
5cm along the horizontal direction of the knitted fabric, and

Yarn raw materials

Fiber blending ratio

11.81tex (50 s) collagen yarn

70% viscose + 30% collagen fiber

11.81 tex (50 s) cheese protein yarn

70% viscose + 30% silkworm pupa protein fiber

11.81 tex (50 s) silkworm pupa protein yarn

40% Lanzing Modal + 30% acrylic + 30% cheese protein fiber

11.81 tex (50 s) cashmere protein yarn

40% Jasel + 30% acrylic + 30% cashmere protein fiber

11.81 tex (50 s) viscose

100% viscose
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Table 3. Sample scheme sheet

Number Raw materials (face yarn) Raw materials (inner yarn) Fiber structure
1# Collagen yarn Nylon/spandex composite yarn Weft plain stitch
2# Collagen yarn Nylon/spandex composite yarn 1+ 1 mock rib
3# Collagen yarn Nylon/spandex composite yarn 1 + 3 mock rib
a# Cheese protein yarn Nylon/spandex composite yarn Weft plain stitch
5# Cheese protein yarn Nylon/spandex composite yarn 1+ 1 mock rib
6# Cheese protein yarn Nylon/spandex composite yarn 1+ 3 mock rib
T# Silkworm pupa protein yarn Nylon/spandex composite yarn Weft plain stitch
8# Silkworm pupa protein yarn Nylon/spandex composite yarn 1+ 1 mock rib
o# Silkworm pupa protein yarn Nylon/spandex composite yarn 1 + 3 mock rib
10# Cashmere protein yarn Nylon/spandex composite yarn Weft plain stitch
11# Cashmere protein yarn Nylon/spandex composite yarn 1 + 1 mock rib
12# Cashmere protein yarn Nylon/spandex composite yarn 1+ 3 mock rib
13# Viscose yarn Nylon/spandex composite yarn Weft plain stitch
14# Viscose yarn Nylon/spandex composite yarn 1+ 1 mock rib
15# Viscose Yarn Nylon/spandex composite yarn 1+ 3 mock rib

Table 4. Horizontal and longitudinal density

Number | Horizontal density | Longitudinal density
1# 75 116
2# 82 142
3# 90 152
4# 74 114
5# 90 143
6# 108 156
T# 75 110
8# 93 138
o# 112 148
10# 70 118
11# 92 144
12# 106 156
13# 71 137
14# 78 141
15# 80 146
2.2. Methods

Figure 1. Saint-Tony SM8-TOP2 MP seamless circular knitting machine.

2.2.1. Skin moisture content test

longitudinal density refers to the number of coils within 5¢cm

along the longitudinal direction of the loops. According to the
experimental standards and steps, 15 seamless knitted fabrics
were tested and calculated, and the results of the square meter
weight and thickness tests are shown in Table 5.

http://www.autexrj.com/ 3

The skin moisture content in this study refers to the water con-
tent of the skin stratum corneum. The capacitance test for
testing skin moisture content is used in this study. The principle
of the capacitance test is designed based on the significant
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Table 5. Square meter weight and thickness

Number Square meter Thickness (mm)
weight (g m™)
1# 229.77 0.747
2# 271.17 0.977
3# 366.56 1.477
4# 248.75 0.727
5# 297.21 0.996
6# 432.86 1.710
T# 244.16 0.683
8# 287.26 0.923
o# 381.82 1.434
10# 248.90 0.710
11# 301.85 0.970
12# 409.93 1.697
13# 238.90 0.693
14# 288.38 0.950
15# 368.92 1.443

difference between the dielectric constant of water and other
substances. The dielectric constant of water is 81, while the
dielectric constant of other tissue components in the skin is
less than 7 [8]. As a capacitor, the Corneometer CM 825 skin
moisture test probe measures different dielectric constants
when the probe comes into contact with different substances.
Thus, the change of water content of the stratum corneum can
be measured and calculated. The advantage of the capaci-
tance test is that there is no unnatural contact between the
tested skin and the probe, the skin will not be harmed, the
test process is not affected by external electric fields, and
the test results are more accurate. In addition, the water content
of the stratum corneum of the skin can be measured quickly
because the probe and the moisture in the skin establish a
balance process very quickly.

Experimental instruments: MPA6 multi-probe test system and
Corneometer CM 825 skin moisture test probe, as shown in
Figure 2.

Reference standard: QB/T 4256-2011 “Guidelines for Evaluation
of Moisturizing Effect of Cosmetics.”

Test sample: The reasonable size of the sample size is 25 cmin
length and 20 cm in width. Velcro tapes with a length of 20 cm
and a width of 4 cm are set on both sides of the sample for
convenient measurement, which can not only ensure that the
sample completely wraps around the forearm but also adjust
according to the circumference of the forearm of different parti-
cipants. The specification of the fabric sample is shown in
Figure 3(a).The test area is 5cm from the inner forearm to
the palm, with an area is 3 cm x 3 cm. The marking of the test
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Figure 2. MPAG6 multi-probe test system and Corneometer CM 825 skin
moisture test probe.

area is shown in Figure 3(b), and the coating state of the
sample is shown in Figure 3(c).

Conditions for participants: Participants are non-highly sensi-
tive and have no immune system defects or autoimmune dis-
eases. The test site cannot accept skin treatments that may
cause inaccurate test results. They have not used hormone
drugs or immunosuppressants within the past month.

Test environment: Room with ambient temperature of 20-22°C
and humidity of 40—-60% in line with test standards.

Pre experiment: After the fabric contacts the skin for a period of
time, the moisturizing effect brought by the fabric will no longer
change the skin moisture content, so it is necessary to conduct
a pre-experiment. The instrument was calibrated according to
the instructions, and the test was performed after making sure
that the instrument is in normal condition. The time gradient set
in this experiment was to test skin moisture content 30 min, 1 h,
and 2 h after the fabric sample was covered. The results show
that the test results of the sample 1 h after wrapping around the
forearm are basically consistent with those of the sample 2 h,
indicating that the skin moisture content reaches a balanced
state after 1 h of wrapping around the forearm. Therefore, it is
reasonable to determine the sample covering time of 1 h.

Formal test steps: After the participants sit for 30 min, the initial
value Ty is tested, as shown in Figure 4. During the experiment,
different locations in the test area are selected to test five times
and take the average value. After the initial value Ty is tested,
the fabric sample is wrapped around the forearm, and the
above formal test steps are repeated for testing to obtain T;.

2.2.2. Trans-epidermal water loss test

The higher the value of trans-epidermal water loss, the more
water is lost through the skin per unit time, and the more serious
the damage to the skin’s stratum corneum function. Conversely,
it means that the stratum corneum gradually recovers [9]. There-
fore, trans-epidermal water loss is an indispensable parameter.
The relatively stable testing environment formed by the Tewa-
meter TM Hex skin moisture loss test probe on the skin surface is
due to the specially designed cylindrical cavity with open ends,
which measures the trace water evaporation on the skin surface
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Figure 3. (a) Sample specification diagram, (b) marking area diagram, and (c) coating area diagram.

<3

Figure 4. Test status diagram of testing skin moisture content.

through temperature and humidity sensors, and then obtains the
amount of water lost through the epidermis.

Experimental instruments: MPA6 multi-probe test system and
the Tewameter TM Hex skin moisture loss test probe, as shown

in Figure 5.

Reference standard: QB/T 4256-2011 “Guidelines for Evaluation
of Moisturizing Effect of Cosmetics.”

Test sample: Same as the skin moisture content test.

Figure 5. MPA6 multi-probe test system and the Tewameter TM Hex
skin moisture loss test probe.

http://www.autexrj.com/

Figure 6. Test status diagram of testing trans-epidermal water loss.

Conditions for participants: Same as the skin moisture con-
tent test.

Test environment: Same as the skin moisture content test.

Test steps: After completing the skin moisture content test, in
order to avoid the loss of water in the skin when the forearm is
exposed to the air after the sample is taken off, a trans-epidermal
water loss test should be conducted immediately. During the
test, the probe and the participant’s forearm are naturally fitted
at 90°, and the probe should not be excessively pressed, as
shown in Figure 6.

3. Results and discussion

3.1. Test results and analysis of skin moisture content

The skin moisture content corresponding to 15 samples was
calculated according to formula (1), and the test results of the
skin moisture content change rate were obtained by taking the
average value.

Change rate of skin moisture content (%):

- T
R= == x 100%, (1)
To
where R is the change rate of skin moisture content in the test
area covered by the sample, %; T, is the skin moisture content

of the test area after 1 h of sample covering, %; Ty is the skin
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Table 6. Skin moisture content change rate

Table 8. Multiple comparisons of different levels of veil types

Sample | Skin moisture | Sample | Skin moisture Veil raw N Subset
number content number content materials 1 2 3
change change
rate (%) rate (%) Viscose 3 1.5067
1# 5.67 o# 4.85 Cheese protein 3 4.4833
2# 6.76 10# 458 cashmere protein 3 47133
3# 5.14 11# 5.19 Silkworm pupa 3 5.3800 5.3800
a# 3.98 124 4.37 protein
54 542 134 124 Collagen protein 3 5.8567
6# 4.05 14# 1.34
# 4.96 15# 1.97 Table 9. Multiple comparisons of different levels of fabric structure
8# 6.33 Fabric structure N Subset
1 2
moisture content of the test area before the sample cov- 1+ 3 mock rib 5 4.0760
ering, %. Weft plain stitch 5 4.0860
The results of the average skin moisture content change rate of 1+ 1 mock rib 5 5.0020

the participants are shown in Table 6.

The data measured through SPSS were consistent with normal
distribution, and further exploration was conducted on the rela-
tionship between the veil raw materials and fabric structure and
the influence of fabrics on the skin moisture content change
rate using two-factor ANOVA. The variance analysis results
of the skin moisture content change rate of the fabric are shown
in Table 7. It can be seen from the table that these two factors
have significant effects on the skin moisture content change
rate, in which the change of the veil raw material has a greater
impact on the skin moisture content change rate. It has statis-
tical significance.

Duncan method was used to further compare the differences
between different levels within veil raw materials and fabric
structure. The veil raw materials and fabric structure were set
as fixed factors, and the skin moisture content change rate was
set as the dependent variable. The horizontal differences among
subsets were analyzed in detail through the results of different
subsets output by the Duncan method. The results are shown in
Tables 8 and 9. It can be seen from these tables that:

(1) Interms of veil raw materials, collagen fiber and silkworm
pupa protein fiber occupy the same subset, indicating that
there is no significant difference between the two types of
veils; Silkworm pupa protein fiber, cashmere protein fiber,

Table 7. Variance analysis of skin moisture content change rate

and cheese protein fiber account for a subset, indicating
that there is no significant difference among them; viscose
accounts for a subset alone, indicating that viscose fabric
and the other four kinds of protein yarn fabrics have sig-
nificant differences in the influence of skin moisture con-
tent change rate. The skin moisturizing effect of four kinds
of protein yarn fabrics is obviously better than that of vis-
cose fabric. By analyzing the blending ratios of different
fibers in the veil raw materials, it can be seen that the fiber
blending ratios of collagen yarn and silkworm pupa protein
yarn are 70% viscose and 30% protein fiber. The skin
moisturizing effect of these two fabrics is better than that
of ordinary viscose fabric, indicating that protein fiber
plays a certain role in skin moisturizing. The blending
ratios of cashmere protein yarn and cheese protein yarn
both contain 30% acrylic fiber, which have poor moisture
absorption. However, the skin moisturizing effect of these
two fabrics is also better than that of ordinary viscose
fabric, indicating that the addition of protein fiber improves
the skin moisturizing performance of the fabric.

(2) Interms of fabric structure, 1 + 3 mock rib and weft plain
stitch occupy the same subset, indicating that the differ-
ence between them is not significant; 1 + 1 mock rib
accounts for a subset alone, indicating that 1 + 1 mock

Source Sum of squares Freedom Mean square F Significance
Veil raw materials 34.674 4 8.669 36.454 <0.001
Fabric structure 2.828 2 1.414 5.946 0.026
Error 1.902 8 0.238
Total 39.404 14

http://www.autexrj.com/
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rib and the other two kinds of fabric structure have obvious
differences in moisturizing performance. Although the
structural characteristics of 1 + 1 mock rib and 1 + 3
mock rib make the fabric thicker and have obvious lines
on the surface, the thickness of 1 + 1 mock rib fabric is
smaller than 1 + 3 mock rib, so the protein fiber in the
fabric has a larger contact area with the skin. Therefore,
the moisturizing effect of 1 + 1 mock rib fabric is better
than 1 + 3 mock rib fabric. Compared to weft knitted fabric,
1+ 1 mock rib fabric is thicker and warmer, which prevents
the loss of moisture on the surface of the human skin and
also provides a moisturizing effect. In summary, 1 + 1
mock rib has the highest value of skin moisture content
change rate and the best moisturizing effect.

The marginal average value is an estimate calculated based on
the sample situation to compare the average values of each
level when controlling for the influence caused by other factors
under the premise of existing models [10]. The contour diagram
of the estimated marginal average value of the skin moisture
content change rate is shown in Figure 7. According to the
variance analysis of the skin moisture content change rate
mentioned earlier, both the veil raw material and fabric struc-
ture have a significant influence on the skin moisture content
change rate. It can be seen from the figure that when the inde-
pendent variable is the veil raw material, there is a significant
difference in the estimated marginal value of different fabric
structures. The value of 1 + 1 mock rib fabric is the highest,
which has the best skin moisturizing effect. The following is the
fabric with weft plain stitch and 1 + 3 mock rib, the difference is
not obvious, and the effect of the fabric sample is poor. When
the independent variable is the fabric structure, there is also a
significant difference in the estimated marginal value of dif-
ferent veil raw materials. The value of collagen yarn fabric is
the highest, which has the best skin moisturizing effect, fol-
lowed by silkworm pupa protein yarn fabric, cashmere protein
yarn fabric, and cheese protein yarn fabric, and viscose yarn
fabric has the worst skin moisturizing effect.

Structure
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3.2. Test results and analysis of trans-epidermal water loss

The change rate of trans-epidermal water loss corresponding to
15 samples was calculated according to formula (2), and the
test results of trans-epidermal water loss change rate were
obtained by taking the average value.

Change rate of trans-epidermal water loss (%):

Ti-To

R=T0

x 100%, (2)
where R is the change rate of trans-epidermal water loss in the test
area covered by the sample, %; T, is the trans-epidermal water
loss of the test area after 1 h of sample coating, %; Ty, is the trans-

epidermal water loss of the test area before the sample coating, %.

The results of the average trans-epidermal water loss change
rate of the participants are shown in Table 10.

Table 10. Change rate of trans-epidermal water loss

Sample Change rate Sample Change rate
number of trans- number of trans-
epidermal epidermal
water water
loss (%) loss (%)
1# -2.20 o# -5.13
2# -3.71 10# -2.35
3# -3.54 11# -4.27
a# -2.25 124 -3.04
5# -5.83 13# -1.07
6# -4.11 144 -2.39
T# -2.85 15# -2.61
8# -3.36
Veil Raw Materials
e Gates i i
Weft Plain Stitch 1+1 Mock Rib 1+3 Mock Rib
Structure

(b)

Figure 7. Estimated marginal average of skin moisture content change rate: (a) independent variable is veil materials, (b) independent variable is

fabric structure.
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Table 11. Variance analysis of change rate of trans-epidermal water loss

Source Sum of squares Freedom Mean square F Significance
Veil raw material 7.374 4 1.843 3.161 0.078
Fabric structure 9.258 2 4.629 7.938 0.013
Error 4.665 8 0.583
Total 21.297 14

Table 12. Multiple comparisons of different levels of fabric structure

Fabric structure N Subset
1 2
Wetft plain stitch 5 2.1440
1 + 3 mock rib 5 3.6860
1+ 1 mock rib 5 3.9120

The data measured through SPSS were consistent with normal
distribution, and further exploration was conducted on the rela-
tionship between the veil raw materials and fabric structure and
the influence of fabrics on the trans-epidermal water loss
change rate corneum using two-factor ANOVA. The variance
analysis results of the change rate of trans-epidermal water
loss of the fabric are shown in Table 11. It can be seen from
the table that the raw materials of veil have no significant effect
on the trans-epidermal water loss rate of skin, while the fabric
structure has a significant effect on the trans-epidermal water
loss change rate of skin.

In order to compare the differences among different levels of
fabric structure, the fabric structure was set as a fixed factor,
and the change rate of trans-epidermal water loss was set as a
dependent variable. Duncan method was used to further ana-
lyze the differences among different subsets, and the results
are shown in Table 12. It can be seen from the table that the
weft plain stitch occupies a subset alone, and the 1 + 3 mock rib
and 1 + 1 mock rib occupy the same subset, indicating that the
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1 + 1 mock rib has a better effect on reducing the water loss
through the epidermis.

The contour diagram of the estimated marginal average value
of the change rate of trans-epidermal water loss is shown in
Figure 8. According to the variance analysis of the change
rate of trans-epidermal water loss mentioned above, fabric
structure has a significant influence on the change rate of
trans-epidermal water loss. It can be seen from the figure
that when the independent variable is the veil raw material,
there is a significant difference in the estimated marginal
value of different fabric structures. The value of 1 + 1 mock
rib fabric is the highest, which has the best effect of the
change rate of trans-epidermal water loss. Followed by the
1 + 3 mock rib fabric, the estimated marginal value of the weft
plain stitch fabric is the lowest, and the moisture effect of
the fabric sample is poor. When the independent variable is
the fabric structure, it can be seen from the diagram that the
estimated marginal average of the change rate of trans-epi-
dermal water loss of the cheese protein yarn fabric is the
highest, indicating that the effect of reducing skin epidermal
water loss is the most obvious after coating the sample. It
means that the fabric has a relatively good moisturizing
effect. The second is silkworm pupa protein yarn fabric, and
cashmere protein yarn fabric and collagen protein yarn fabric
are close to each other, indicating that the effect of the fabric
on the trans-epidermal water loss after covering the arm is
not significant. The change of viscose yarn fabric is the least
obvious, and the moisture retention of the fabric is relatively
the worst.

Veil Raw Materials

Collagen yam
s Cheese protoin yarm
s Silkworm pupa protein yam
Cashmere protein yarn
Viscose Yarn

Weft Plain Stitch 1+1 Mock Rib 1+3 Mock Rib

Structure

(b)

Figure 8. Estimated marginal average of the change rate of trans-epidermal water loss: (a) independent variable is veil materials and

(b) independent variable is fabric structure.
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4. Conclusions

In this study, 15 kinds of knitted samples were tested for skin
moisture content and trans-epidermal water loss in 20 partici-
pants. The change rates of skin moisture content and trans-epi-
dermal water loss were obtained according to the calculation.
Based on the test results, it was analyzed as follows:

In the skin moisture content change rate test:

(1) In terms of veil raw materials, the order of influence of
fabric samples on the moisturizing performance of skin
is collagen protein yarn fabric > cheese protein yarn fabric
> silkworm pupa protein yarn fabric > cashmere protein
yarn fabric > viscose fabric.

(2) In terms of fabric structure, the order of influence of fabric
samples on the moisturizing performance of skin is 1 + 1
mock rib fabric > wetft plain stitch fabric > 1 + 3 mock rib fabric.

(3) Overall, when the fabric structure uses 1 + 1 mock rib, the
veil raw material uses collagen protein yarn, and skin
moisture change rate is the highest, which has the best
moisturizing effect on human skin.

In the test of trans-epidermal water loss change rate, the veil
material used in the fabric sample had no significant effect on
trans-epidermal water loss, possibly because the protein yarn
fabric could not significantly change the trans-epidermal water
loss in a short period of time, and the skin barrier did not change
significantly due to the coating of the protein yarn fabric sample.
It may also be because the content of protein fiber in the fabric
is not high enough, and the moisture content in the yarn cannot
cause changes in the index. The change rate of trans-epi-
dermal water loss was significantly affected by fabric structure,
and the change rate of trans-epidermal water loss of 1 + 1 mock
rib fabric was the highest, indicating that 1 + 1 mock rib fabric
played a good role in reducing skin moisture loss. However, the
change rate of trans-epidermal water loss after covering the

http://www.autexrj.com/

sample of protein yarn is smaller than that after covering the
sample of viscose fabric, indicating that the moisture retention
ability of protein yarn fabric is better than that of ordinary vis-
cose fabric.
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