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How is Silk Made?

Mark D. asks: How do they make real silk from worms?

One of the softest fabrics on the planet, shiny, breathable
and comfortable, silk has been a highly prized cloth since it
was first harvested thousands of years ago. And despite
advances in production methods and new possibilities for
cultivation, still today the only reasonable way to glean the
thread in mass quantities is by killing the thing that made
it.

Silkworms are caterpillars of (usually) the Bombyx mori
moth. During its 3 to 8 day pupating period, the silkworm
secretes fibroin, a sticky liquid protein, from its two
sericteries (special salivary glands). Pushed through a
spinneret (opening on the mouth), the twin pair of
continuous threads harden when they come into contact
with the air. Next, the silkworm secretes sericin, a bonding agent, from two other glands to hold the two filaments
together. While constructing its cocoon, the silkworm will twist in a figure-8 motion about 300,000 times and produce
around 1 kilometer of filament.

Since hatching from the cocoon destroys the thread, to harvest the silk, the cocoon is placed in either boiling water, or
blasted with steam or hot air, all processes that kill the pupae. Less lethal methods were tried in the past, such as
pulling the silk as the worms spun it, but the worms resisted and bit off the filaments (the longest thread harvested in
this way was just 6 meters).

Besides killing the pupae, the heat softens the binding agent (sericin), so that the filaments may be unwound.
Sometimes, the softened sericin is left on the fibers, and this product is called raw silk. In the end, it takes the deaths
of about 2500 caterpillars to make a single pound of raw silk.

From there, raw silk strands are twisted together until a fiber of sufficient strength for knitting or weaving is produced,
and different twisting methods produce a different type of thread: crepe, thrown, tram, organzine or singles. Crinkly
fabrics are made with crepe, while sheer cloth is made with single thread. Spun silk is comprised of broken filaments
that have been processed into a yarn.

To get the billions of cocoons necessary to have a viable silk industry (by some estimates, about 10 billion each year),
the worms are cultivated. Called sericulture, it begins with female moths, each laying about 300-400 pin-sized eggs,
shortly after which they (the moths) die. The eggs are incubated for 10 days. When they hatch, they are still tiny
(about ¼ inch). Gluttons, they feast on mulberry leaves (although lesser-quality silks are made from silkworms that
eat Osage orange and lettuce). After about 6 weeks of constant eating, the silkworm has grown to about 3 inches in
length, weighs nearly 10,000 times what it did when it hatched and begins to work on spinning its own grave.

Although a few other plants are fed to silkworms, the mulberry has always been associated with its production. In fact, 
when the Emperor Justinian first stole the means of silk production in the 6th century AD (according to legend, he had 
two monks smuggle some eggs out of China), he also pinched a few seeds of the mulberry tree.

Prior to that, the Chinese had carefully guarded the secret to silk for millennia. According to Chinese records, the
technique was discovered by Si-ling-chi (aka Leizu), the wife of the “Yellow Emperor” Huang-ti, about 2,700 BC. By
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some accounts, she found the secret after a silkworm cocoon fell into her cup of tea, and as she pulled it out, she
realized she could unravel its exquisite thread. Of course, it may have been discovered by someone else, perhaps a
lowly tailor, with the empress simply taking (or being given) credit for it. Whatever the case, so important was this
discovery that she was later deified and given the name, Seine-Than, meaning Goddess of Silk Worms; and the silk
she supposedly discovered became so crucial to international trade, that it lent its name to the great East-West route,
the Silk Road.

Today, China still leads the world in silk production, responsible for about 58,000 tons each year or about 74% of the
world’s supply of raw silk. Not wasted, in many places the leftover dead silkworms are seasoned, boiled, fried and
eaten.

Still, things may be looking up for the humble silkworm. Some kindly researchers have recently discovered a method
to harvest long filaments without killing the creature. Noticing that when injured the caterpillar will engage in self-
paralysis in order to give itself time to heal, the scientists found a way to isolate the biochemical used by the insect to
reach that state. By extracting it and injecting it into healthy worms, the researchers were able to induce partial
paralysis, after which, one end of the worm’s silk was attached to a slowly winding reel, which successfully gathered
the silk. In its paralyzed state, the worm was unable to bite off the thread (as it otherwise would do). The record for
gathering silk this way is 500 meters, or about half of that acquired through the traditional method.

Since hand-injecting billions of silkworms is beyond unrealistic, to turn this process into a commercial reality, the
researchers are looking into ways to genetically modify silkworms so that the paralysis can be triggered by
manufacturers “on demand.”
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The Inventive 
Wright Brothers

Everyone must crawl before they can fly. Such was 

the fate of Wilbur and Orville Wright, born four years 

apart, brothers by blood as well as by achievement... 

The Nation, State and City Welcome The 
Worlds Greatest Aviators
http://hdl.loc.gov/loc.mss/mwright.05002589

Historical Background

Wilbur and Orville’s parents, Milton and Susan 

Wright, encouraged their children’s intellectual 

curiosity. Milton Wright was a bishop in a local 

church and he traveled extensively to preach. He 

also kept two large libraries that aided the brothers 

in their intellectual development from an early age.

A Well-Grounded Childhood

In 1878, a toy forever changed the lives of Wilbur 

and Orville. Milton gave the boys a toy helicopter, a 

simple device made of bamboo, paper, and cork and 

powered by a rubber band. Wilbur and Orville would 

later recall that their father’s gift sparked their 

interest in the science of flight. The helicopter was 

based on the design of Alphonse Penaud of France, 

who made great strides in aeronautics during the 

1860s and 1870s by developing the Planophore, 

which used propellers powered by rubber bands to 

sustain flight over short distances. 

Milton moved his family to Richmond, Indiana, and

became a circuit preacher. He began publishing a 

religious newspaper. Wilbur invented a machine that 

folded the papers for mailing, demonstrating a knack 

for engineering. In 1884, the family permanently 

moved back to Dayton, Ohio.

Brothers in Business

Wilbur was a star athlete and scholar bound for Yale, 

but a blow to the face during a game of hockey in 

1886 changed his mind about studying there. 

Orville had also been an excellent student, but became 

disinterested in his studies and eventually dropped 

out of high school. He completed two printer’s 

apprenticeships as a teenager and went into business 

printing small items such as business cards.

Wilbur helped Orville build a printing press, and 

their father bought 25 pounds of used type for print 

jobs. By 1889, they began printing under the name 

“Wright Bros.” The printing presses they built 

attracted a number of admirers. They gradually 

ended their printing endeavors as they took up a

loc.gov/teachers
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growing national activity 

– cycling. 

Friends often came to 

them for help with bicycle 

repair and maintenance. 

In 1893, they began re-

pairing and manufactur-

ing bicycles. Within three 
T

years, Wilbur and Orville h
pi

were running a bustling it

enterprise. 

he Wright bicycle shop
ttp://www.loc.gov/
ctures/collection/wri/
em/2001696436/

Their ventures with the bicycle turned their atten-

tion back to the pursuit of sustained human flight.

Wilbur and Orville Look to the Skies

Orville and Wilbur faced the momentous task of 

finding a way to control flight. They read voraciously 

to learn from others’ experiences and they cor-

responded with aeronautical pioneers such as the 

American engineer 

Octave Chanute.

Otto Lilienthal, with wings of glider
http://www.loc.gov/pictures/
item/2002722086/

In 1896, the death 

of German glider 

pilot Otto Lilien-

thal during a flight 

experiment led the 

brothers to think 

more about ques-

tions of aeronautics and flight. Lilienthal’s study of 

the flight of birds as a possible basis for human 

flight also influenced the Wright brothers. Wilbur 

often observed buzzards near Ohio’s Great Miami 

River. He noticed that the birds maintained their 

balance in flight by adjusting the angle and position 

of their wings. The brothers designed wings that 

could adjust their shape the way a bird’s wings did 

and developed a kite with a biplane – two sets of 

wings. The tips of the wings were made to adjust 

and move at opposing angles to maintain balance.

They tested the new system in the sand dunes near 

Kitty Hawk, North Carolina in 1900 and 1901. The 

gliders did not yield the results the Wrights were 

looking for and the experiments sent them back to 

the drawing board.

In 1901, Wilbur and Orville built a wind tunnel in 

order to study how their wing designs reacted to air 

resistance. This helped them improve the amount of 

lift provided by the wings. The glider they built

using this data was the first to have three different sets 

of controls. Since a flying machine had to move on three 

different axes, each axis would need a control to 

maintain balance while in the air. One was the “warped 

wing,” which stabilized the plane’s horizontal movement. 

The “elevator” controlled the vertical angle of the nose. 

Finally, they added a moveable rudder, connected to 

the wing warping mechanism to prevent the craft from 

spinning out of control, to control the plane’s forward 

movement.

When they tested their third glider at Kitty Hawk in 

1902, it flew 622 feet 

in about 26 seconds. 

Their breakthroughs 

in wing design made 

this glider the world’s 

first controllable air-

craft. Nonetheless, to 

achieve powered flight 

the Wrights still needed 

to develop a propulsion 

system. They built an engine with the help of their 

mechanic, Charlie Taylor, and had devised a transmis-

sion and set of propellers for their plane by mid-1903. 

The Wright brothers’ reconstructed 
1903 motor
http://www.loc.gov/pictures/
item/2001696580/

They tested the first powered craft at Kitty Hawk in 

September 1903. Wilbur was the test pilot of the Wright 

Flyer, which only stayed in the air for 3½ seconds. This 

didn’t discourage them, and after repairs the brothers 

attempted to test the Wright Flyer once again on 

December 17. Orville’s first flight of the day was the 
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first manned, powered, and controlled flight in 

history. It lasted 12 

seconds and spanned 

120 feet. By the 

fourth flight, Wilbur 

managed to keep the 

Flyer in the air for 59 

seconds and made a 

trip of 852 feet. They 

had been sending 

telegrams to their father detailing their progress. 

A December 17 telegram informed him that they 

would be home in time for Christmas. Their sto-

ry, however, does not end with this great feat of 

human ingenuity.

Telegram from Orville Wright in 
Kitty Hawk, N.C.
http://www.loc.gov/pictures/
item/2003680165/

The Business of Flight

As the brothers worked to achieve powered flight, 

they also worked to secure a patent for their in-

vention. This was not only to recoup the significant 

costs of their experiments, but also to prevent 

others from stealing their design. Their aeronau-

tical rivals had not come as close as they had to 

achieving powered and controlled flight, but they 

came close enough to make the brothers cautious. 

The brothers finally received a patent on May 23, 

1906, but they spent many years in legal battles 

with aviators and inventors who made their own 

claims to originality. 

Among their rivals was 

famed inventor Alexan-

der Graham Bell.

Wright brothers aeroplane - 
patented plans, 1908
http://www.loc.gov/pictures/
item/2001695572/

The brothers worked 

tirelessly to perfect their 

flyers while attempting 

to attract the business of 

private firms and govern-

ment entities such as the 

U.S. military. Although 

they won some contracts, the Wright Company’s 

success was tentative. Pursuing their various

patent suits against their numerous rivals and com-

petitors absorbed much of their time and proved 

inconclusive. After Wilbur died of typhoid in May 

1912, Orville became despondent and sold not 

only the Wrights’ 1906 patent, but also the Wright 

Company in 1915. Though not always successful in 

their business lives, the Wright brothers will long 

be known for their momentous invention.
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