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Summary
The current research was undertaken on behalf of the Saskatchewan
Alpaca Breeders Network Inc.(SABN Inc.) funded through Canadian
Agricultural Adaptation Program (CAAP).
Alpaca fleece is a protein fibre sheared annually from the alpaca. The
fleece varies in colour, average fibre diameter (fineness), crimp style,
and handle (soft feel), as well as uniformity. The fleeces can be very
dirty after shearing. Prior to processing, the fleece needs to be cleaned
properly. Most processors are adopting the sheep fleece washing
methodology for alpaca fleece. Although both alpaca and sheep
fleeces are protein based, the surface characteristics are different. For
example, the surface of sheep’s wool contains lanolin that needs to be
removed by using very hot water prior to processing, while alpaca
fleece does not contain lanolin or grease so moderately hot water
around 35 to50°C is a suitable temperature

to wash alpaca. This

temperature is also sufficient to activate the surfactant in detergent to
clean the fleece without damaging surface characteristics.
The majority of alpaca farming in Saskatchewan is done on a small
scale predominantly managed by female farmers. Because the annual
volume of fleece harvested in Saskatchewan is very low it is a
challenge to set up a commercial alpaca fibre washing and processing
facility, therefore, an alternative simplified washing system was
developed that could be easily adopted by alpaca fibre producers.
Household consumer detergents were used in this project to wash
alpaca fleece in small quantities up to 5lbs (2.5 kg) at a time. The
washed fleece was found suitable for processing in Belfast mini mills
and was successfully used to produce batting, roving and yarn for
making various products. Farmers can prevent fleece deterioration,
thus improving the value of end products by properly washing, drying,
and storing their fleeces prior to shipment for processing.
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2. Introduction
The use of alpaca fibre in textile applications has created an avenue for
strong competition with all other fibres of the textile industry (Holt
2005). Current processing practices have evolved from the ancient
alpaca fibre producers of Peru and have grown into a more global
commercial activity. Alpaca fibre production and demand, though
progressively growing, remains relatively small because of the
challenges facing the fibre industry (Hoffman 2003). A more cost and
time efficient production model has yet to be developed for better
utilization of alpaca fibre and its products in Saskatchewan and all of
Canada. This research project along with

other ongoing alpaca fibre

processing research is a step in the right direction to evaluate the
current practices of alpaca fibre processing and determine the best
methodologies to achieve optimum utilization of Saskatchewan’s
annual fibre harvest. The challenges to achieve a better quality of
processed fibre may be many but the future of the alpaca industry
remains bright. It is focused on the desirable inherent properties of
alpaca fiber and the research to improve processing techniques and its
effects on these properties of alpaca fibre and its end products.

2.1. Challenges of the alpaca industry
Low volume of production, distance and transportation cost between
farms and mills, limited research on alpaca fibre resulting in a lack of
processing knowledge specific to alpaca, and lack of educated
producers, as well as a lack of appropriate sized mills are a few of the
challenges facing the alpaca industry. Large mills require a very large
quantity of a uniform fibre lot and minimills are not cost efficient for
larger processing needs. There is no medium size mill to serve the
current requirements of the alpaca industry. Colour has played an
important role in determining the price and value of the alpaca fibres for
a very long time (Schmid 2006). Discoloration of fibre occurs if fibre is
not handled properly.
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2.2. Alpaca fibre washing method
Washing, popularly called Scouring, is a vital step to clean the fibre of
all impurities and unwanted materials prior to mechanical processing.
The washing process involves an immersion of the fibre into a solution
of detergents and mainly hot water (Wang 2003). Currently, there are
no specific methods or standard machinery

available

to wash the

alpaca fleece. Producers and small processors are using household
washing machines, bathtubs, or kitchen sinks to wash alpaca fleece.
The washing conditions, solutions and types of detergents used
depend on the processor and the level of dirt to be removed from the
fibres. This report evaluates and analyzes washing detergents under
various washing conditions and how the detergent affects the quality of
alpaca fibre. Hoffman (Hoffman 2003) stated that the internal
composition and characterization of the alpaca fibres can either be
improved or destroyed using different kinds of detergents for washing.
In these experiments, 12 different types of detergents were used to
wash the alpaca fleece. Various steps were followed to determine the
effect on the quality of the fibre and its products. An attempt was made
to use consumer detergents available in local markets throughout
Canada such as Walmart, Safeway, and the Co-op.

2.2.1. Spinning washing
Fibre, detergent, a spinner, baskets, kitchen sinks or buckets are the
basic equipment used for the washing of alpaca fleece. The processing
begins by picking out as much vegetation as possible. One of the sinks
(buckets) is filled with sufficient hot water to cover the fibre. The fibre is
placed into the basket, which i s then put into the sink full of hot water
and the fiber is gently pressed into the water and allowed to soak
for 30 minutes. There does not appear to be any standard industry
regulation of water temperature. The water is not stirred at any time to
avoid felting of the fibres. A second bucket/sink is filled with clean hot
water. The basket of fibr e is removed from the first sink and allowed to
drain until all the water has run out. The basket containing the fibre is
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then immersed into the second sink/bucket of clean hot water and
allowed to soak in the detergent for another 20 minutes before it is
removed and dirty, soapy water is drained before rinsing. The process
of rinsing the fibre is repeated several times in fresh water. The fibre is
carefully placed in the spinner of a washing machine to remove excess
water from the fleece prior to drying.

Figure 2.1. Fibre Spinning Machine.

2.2.2. Bathtub washing
Some producers and processors use a bathtub to wash the fleece in.
The process is similar to spinner washing. A bathtub, laundry bags,
detergents, and fleece are used in this process.
There is no sense of efficiency in either washing method. There seems
to be no industry code of best practice for information such as types
and quantity of the detergent used, the washing/rinsing temperature,
washing methodology etc. This study attempts to develop a standard
procedure for small producers to wash, dry and store their fleeces
before sending them to mills.
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2.3. Objective
The objective was to determine an optimum procedure and water
temperature

for

washing

alpaca

fleece

by

using

household

commercially available detergents.

3. Materials and Methods
To achieve the objective, the influence

of various detergents, water

temperature, and the effect washing conditions had on the properties
of fleece and its processing were investigated. This section introduces
the materials used, the experimental washing facilities created and the
methods of conducting experiments along with the analysis of results.

3.1 Materials
Alpaca fleece and consumer detergents were considered as basic
materials. Hot water was used for these studies
surfactant

of

to activate the

the detergents. Water temperature was controlled at

350C and 500C by using a temperature sensor thermocouple attached
to the washing tank.

3.1.1 Alpaca Fleece
Donated bags of average quality Saskatchewan grown alpaca fibre
were blended and used for the washing (and subsequent) studies. This
fleece was not cleaned and it contained dirt, dust and vegetation.
Obvious vegetation content was removed by hand picking. The fleece
was divided into sample lots, then washed and weight loss was
determined after drying. (Table 3.1).
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Table 3.1 Foreign materials in the fleece
Fleece

Detergents

Lot Exp#

Fibre Content

Foreign Material Content

(% wt.)

after Wash (% wt.)

98

2

97.6

2.4

I

SUNLIGHT

2

ESSENTIALS

3

CHEER

98

2

4

PUREX

98.3

1.7

5

GAIN JOYFUL

98.6

1.4

6

LEMON FRESH

98

2

7

WOOLITE

99

1

8

TIDE

98.7

1.3

9

BABY SOFT

98.4

1.6

10

CLUB PACK

97.2

2.8

11

ULTRA FR EE

97.9

2.1

12

FREE NATURE

98.2

1.9

3.1.2 Detergents
Washing studies were conducted by using consumer detergents
purchased from local markets such as Walmart, Safeway, Co-op etc.
The intention was that producers and processors could easily access
these detergents to wash their fleeces before sending them to mills.

3.2. Experimental Procedure
The Alpaca fleece washing facility was designed and developed
to include a barrel (steel tank) screen, propeller, water inlet and outlet,
one washing processing unit, and drive and control systems. One
temperature sensor (thermocouple) was mounted between the bottom
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parts of the washing tank to measure the water temperature (Figure
3.1). More pictures of washing tank are given in Appendix 1.
This washing facility has a special technique that helps the water to
move up and down in a vertical manner. As a result the fleece gets
washed without getting entangled.

Figure 3.1. Washing Tank for Alpaca fibre

The washing tank is made of stainless steel with a depth of about 1m.
The tank was filled about ¾ deep with hot water. Detergents were
added and mixed properly to create a water solution concentration of
5%. The fleece was placed and fully soaked into the tank on the top of
the table mesh that prevented the fleece from being entangled with the
propeller. The propeller, made of 3 rotating blades was then turned on.
The fleece was washed/vibrated up and down in a vertical manner in
the washing tank. The dirty water was drained out of the tank through
clear plastic hoses. The tank was then filled with fresh cold tap water
with the fleece still inside and the process was repeated. The rinsing
process was repeated another two more times before the fleece was
removed for drying. The wash water temperature was adjusted by
using a temperature sensor (thermocouple) attached to the bottom of
the tank and the volume of the water was also increased or reduced
based on quantity of fleece to evaluate the best washing conditions.
The rinse water temperature was not controlled. Washing and rinsing
8

times were determined by how long it took for the water to drain clean
through the clear plastic drain hose.

The experiment design is

summarized in the Table 3.2

Exp #

Detergent

Detergent
conc.,%

Water
Temp,
C0

washing
time, min

Rinsing
time, min

Squeeze
time, min

Table 3.2 Washing experiment design of Alpaca fleece

1

SUNLIGHT

3-5

30

35 50

20

30

20

2

ESSENTIALS

3-5

30

35 50

15

20

15

3

CHEER

3-5

30

35 50

15

14

10

4

PUREX

3-5

30

35 50

15

14

10

5

GAIN JOYFUL

3-5

30

35 50

20

20

20

6

LEMON FRESH

3-5

30

35 50

20

20

20

7

WOOLITE

3-5

30

35 50

15

14

10

8
9

TIDE
BABY SOFT

3-5
3-5

30
30

35 50
35 50

20
15

20
12

20
10

10

CLUB PACK

3-5

30

35 50

15

14

10

11

ULTRA FR EE

3-5

30

35 50

14

14

10

12

FREE NATURE

3-5

30

35 50

14

14
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3.3 Investigation of Alpaca fibre for washing studies
After washing alpaca fleece by detergent, humidified dried fibres were
investigated for cleanness and degradation. Clean alpaca fibre
properties such as morphological and thermal properties are
important for further mechanical processing to obtain the desired
quality end product.
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3.3.1 Morphological analysis by scanning electron microscopy
Scanning electron microscope (SEM 505, Philips, Holland) was used
to analyze the morphological structure of washed fibres. The
materials were first coated with gold using an Edwards S150B sputter
coater (BOC Edwards, Wilmington, MA) to make the sample
conductive. The layer of gold coating was thin and did not affect the
resolution significantly. The coated sample was placed for imaging
using SEM505 (Philips Electron Optic， Eindhoven, Netherlands).
The micrographs provided the information about the fibre quality and
cleanness.

3.3.2 Thermal analysis by DSC
Differential Scanning Calorimetry (DSC) is an extensively used
measuring method for thermal characterization of materials inspection
and testing. Over a large temperature range thermal effects on alpaca
fibre can be quickly identified and relevant degradation temperature
values can be determined. Through this DSC technique, it is possible
to measure the difference in heat flow between samples and an inert
reference as a function of time and temperature in a controlled
environment, atmosphere and pressure. Alpaca fibre absorbs heat
when being melted and releases heat during degradation. Therefore,
the melting point and degradation temperatures of alpaca fibre are
important to determine the acceptable zone for the water temperature
while washing.
Washed alpaca fibre samples weighing 5 to 10 mg were crushed into
small pieces and immediately weighed into aluminum pans and then
hermetically sealed. An empty aluminum pan was used as a reference
sample. The DSC was operated and a graph of heat flow versus
temperature was obtained for thermal analysis. The value of glass
transition temperature (Tg), Crystallization temperature (Tc) and
melting temperature (Tm) were observed during the heating scan.
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4. Results and Discussion
Experiments were conducted to achieve the objectives of the washing
studies including: determination of an optimum procedure for washing
alpaca fleece by using locally available consumer detergents ,

and

determination of an acceptable water temperature zone.
4.1 Alpaca fleece washing with detergent
Twelve consumer detergents were used to wash the alpaca fleece. The
mass loss after washing was about 1-3% (Table 3.1). This mass loss
is due to the washing out of short fibres and foreign materials such as
vegetation, mud, dust and some unidentified materials. After washing
with detergents, the fleece was dried and the fibre morphological
properties and thermal properties were determined.

4.2 Morphological properties on the surface of washed fibre
Figure 4.1 shows the alpaca fibre before washing. Figure 4.2 to 4.13
shows the surfaces of washed alpaca fibres with the various detergents
using the Scanning Electronic Microscope (SEM), which is a frequently
used technique to investigate the morphological characteristics of
fibres.

Figure 4.1 SEM micrographs of fibre surface before washing with detergent
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Figure 4.2 SEM micrographs of fibre surface after wash with detergent Sunlight

Figure 4.3 SEM micrographs of fibre surface after wash with detergent Essential
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Figure 4.4 SEM micrographs of fibre surface after washing with detergent
Cheer

Figure 4.5 SEM micrographs of fibre surface after washing with detergent
Purex
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Figure 4.6 SEM micrographs of fibre surface after washing with detergent Gain
Joyful

Figure 4.7 SEM micrographs of fibre surface after washing with detergent
Lemon Fresh
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Figure 4.8 SEM micrographs of fibre surface after washing with detergent
Woolite

Figure 4.9 SEM micrographs of fibre surface after washing with detergent Tide
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Figure 4.10 SEM micrographs of fibre surface after washing with detergent
Baby Soft

Figure 4.11 SEM micrographs of fibre surface after washing with detergent
Club Pack
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Figure 4.12 SEM micrographs of fibre surface after washing with detergent
Ultra Free

Figure 4.13 SEM micrographs of fibre surface after washing with detergent
Free Nature
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The SEM micrograph of the untreated fibre (Figure 4.1) shows the
presence of natural dust, and waxy substances on the fibre surface.
Such substances contribute to ineffective processing and entanglement
of fibres that create problems in mechanical processing. The
micrographs on Figures 4.2 to 4.13 reveal that all detergents washed
the alpaca fibre clean, leaving the fibre free from dust with its naturally
smooth surface. This is probably due to the removal of the dirty, dusty,
waxy/oily layer that coated the fibre as a result of the detergent’s
action during washing. The naturally smooth bright surface was
observed in fleeces washed with Tide, Ultra Free, Baby Soft, Woolite,
Purex, Cheer, Sun Light. It was also observed that the fleeces washed
in these seven detergents were converted to a fluffy mass and did not
display any shrinking and/or binding together of fibres as these fleeces
were easily processed through the opener and the carder.

4.3. Thermal Properties
The thermal characteristics of Alpaca fibre were determined using the
DSC. The resulting DSC thermograms are shown in Figures 4.14
to 4.26. Figure 4.14 shows the DSC thermogram of before washing
alpaca fibre. Figures 15-26 show the washed alpaca fibres with
consumer

detergents. All DSC thermograms of alpaca fibres

demonstrated a broad endothermic curve after the temperature of
110°C, indicating the presence of water soluble material in the internal
structure of the alpaca fiber. All
exothermic

peaks

after

130ºC

DSC thermograms
which

indicates

demonstrated
the

start

of

decomposition and deterioration of fibre quality. It may be due to the
degradation of keratin and other proteins present in alpaca fibre. This
result shows that washing temperature should be kept much lower than
the degradation point.
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Figure 4.14 DSC thermogram of Alpaca fibre before washing with detergent

Figure 4.15 DSC thermogram of Alpaca fibre after washing with detergent Sun
light
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Figure 4.16 DSC thermogram of Alpaca fibre after washing with detergent
Essential

Figure 4.17 DSC thermogram of Alpaca fibre after washing with detergent Cheer
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Figure 4.18 DSC thermogram of Alpaca fibre after washing with detergent Purex

Figure 4.19 DSC thermogram of Alpaca fibre after washing with detergent Gain
Joyful
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Figure 4.20 DSC thermogram of Alpaca fibre after washing with detergent Lemon
fresh

Figure 4.21 DSC thermogram of Alpaca fibre after washing with detergent Woolite
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Figure 4.22 DSC thermogram of Alpaca fibre after washing with detergent Tide

Figure 4.23 DSC thermogram of Alpaca fibre after washing with detergent Baby
Soft
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Figure 4.24 DSC thermogram of Alpaca fibre after washing with detergent Club
Pack

Figure 4.25 DSC thermogram of Alpaca fibre after washing with detergent Ultra
Free
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Figure 4.26 DSC thermogram of Alpaca fibre after washing with detergent Free
Nature

All thermograms of the alpaca fibers indicate two steps of degradation.
The first one is the thermal decomposition of keratin and the second
one is related to the decomposition of other complex proteins. The
complex proteins present in alpaca fibre may degrade at a higher
temperature. In each thermogram, there is another peak observed in
each

curve

at

a

temperature

above

220ºC,

indicating

the

decomposition temperatures of complex proteins.The degradation
temperatures for alpaca fibres started after 1300C and continue to full
degradation after 2300C due to gradual exothermic reaction. Therefore,
the washing temperature of fibre should be controlled to avoid
degrading the quality of the fibre with respect to strength, glossiness or
brightness and lustre, and discoloration due to excessive heating.

5. Conclusions
Based on the results of the experiments and the analysis of the data,
the following conclusions are made:
All the consumer detergents (12 types) used to wash alpaca fleece
were effective in removing dust, dirt, and waxy type substances from
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the fiber surface and the resulting dried fiber was appropriate for
mechanical processing. Weight loss of washed fibre was a consistent
1%-3%. Some were more efficient than others.
SEM micrographs revealed

that

the consumer

detergents Tide,

Ultra Free, Baby Soft, Woolite, Purex, Cheer, Sun Light can be used to
wash the fleece most effectively by the producers/processors.
SEM micrographs revealed these see n consumer detergents cleaned
and smoothed the fibre surface, reduced the entanglement between
the fibres and converted the fleece to a fluffy mass easier to put
through mechanical processes. It is recommended the hot water
temperature for washing should be between 35-50ºC.
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Appendix: Washing facility for Alpaca fleece ( Figure 1-4)
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