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| havealwaysloved painting and often draw inspiration from nature. Learning about natural pigments sparked my curiosity,
so| decidedto explore this topic further . For this project, | aimed to create the three primary colors using natural sources.
To produce red, | experimented with cochineal, madder root, and hibiscus flowers. For blue, | usedwoad and butterfly pea
flowers, while saffron and marigold servedasthe basisfor my yellow pigments. This researchand hands-on processallowed
me to merge my passionfor art with a deeperunderstanding of natural materials and pigment creation.



Lake Pigments

Most natural dyesare water-soluble, which means simply mixing them with a binder doesnot create a usable pigment. Lake
pigments addressthis by precipitating the dye from a natural colorant (typically aninsoluble material) onto acolorless, inert, and
insoluble substrate. The substrate often involves an aluminum -containing compound, such ashydrated alumina or potassium
aluminum sulfate, where aluminum ions bind with the dye moleculesto form a stable pigment. This processis analogousto the
use of mordants in textile dyeing, which fix dyesonto fibers to enhancecolor fastness!

Name Origin O

The term "lake" originates from the Indian word "lac" or "lacca," referring to aresin derived from an insect traditionally usedto
produce red dye.2 In English, "lake" becamea general term for red and yellow pigments created through precipitation processes.
However, in other languages,similar terms often specifically denote red pigments. Examplesinclude lakh (Hindustani), laksha
(Sanskrit), lacca (Latin), laque (French), laca (Spanish), lacca or lacha (Italian), and lack or lach (German).3

Distinction Between Real and Fake Lake Pigments O

Historically, counterfeit lake pigments were created using starch or chalk asa base.Authentic lake pigments must include alum as
the key ingredient to bind the colorant.4 In the early modern period, the primary purpose of counterfeit recipeswasto imitate
precious natural materials. Examples include Ms. Fr. 640, which has counterfeit recipesfor materials like coral, and the recipes
devoted to imitating valuable materials, such asamber, pearls, ivory, and coral in Giovanni Vi | | Segreti® Gounterfeit lake
pigments may have beeninvented becausealum was a scarceresource.

1Jo Kirby et al., Natural Colorants for Dyeing and Lake Pigments: Practical Recipesand Their Historical Sources(London: Archetype Publications in association with The National Gallery, Cultural
Heritage Agency, IRPA KIK, Doerner Institut, Charisma Charisma, 2014), 28.

2 Nicholas Eastaugh, ed., The Pigment Compendium: A Dictionary of Historical Pigments (Amsterdam; Boston: Elsevier Butterworth -Heinemann, 2004), 215.
3 Eastaugh, The Pigment Compendium, 215.
4 Eastaugh, The Pigment Compendium, 215.

5 LoresChavez/)sabellafi | mi tRavwN ant gu acaesséidecembell, 2024, https://doi.org/10.7916/A9XDI1996.
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Two Types of Lake Pigments

1. Pre -18"-Century Method
This traditional method begins by extracting the dye in an alkaline solution (commonly lye made from wood ashes)
under heat. The dyestuff is then filtered from the liquid, and an acid, such as potash alum, is added to trigger a
chemical reaction that precipitates the dye. The pigment is filtered out and washedwith water until the filtrate runs
clear.b

2. 19th Century and Later Method
In this updated approach, the processis reversed. After extracting the dye in an acidic solution and filtering out the
dyestuff, a baseis added to neutralize the acidic solution, which precipitates the dye. The pigment is then obtained
through filtering and washing.”

6 Kirby et al., Natural Colorants for Dyeing and Lake Pigments, 29.

7Kirby et al., Natural Colorants for Dyeing and Lake Pigments, 30.



Common Acid and Base

Alum

Alum, or aluminum potassium sulfate, is the most common acid usedin lake pigment recipes. It is a colorless mineral
historically found in Turkey. The Bay of Naples also produced some alum, but Turkey wasregarded asthe largestand best
supplier.® Medieval scientists believed that different locations produced materials with unique qualities, attributed to the
influence of celestial movements. According to this belief, easternregions, where celestial bodies such asthe sun first rise,
were considered especially potent in producing powerful minerals. Thus, alum from Turkey was deemedsuperior due to
its eastern location relative to Europe.?®

The reliance on Turkish alum made it an expensivecommodity, particularly since trade betweenthe Islamic world and
Europe wasfrequently disrupted by conflicts such asthe Crusadesi® However, in the 1450sand 1460s, alum-bearing
mines were discoveredin Volterra and Tolfa, within papal territories in Italy. Thesemines produced approximately 1,500
tons of alum annually and becamea significant source of revenue for Pope Pius Il. The pope established cartels and
employed agents, called the Medici, to trade alum. In 1470, a deal was struck with the King of Naplesto merge the alum
trade from Tolfa with other southern sources.This revenued reaching 140,000 ducats by 1471 wasintended to fund a
new Crusadebut ultimately failed in its objective.1!

8 Spike Bucklow, The Alchemy of Paint (New York: Marion Boyars, 2009), 23.
9 Bucklow, The Alchemy of Paint, 22.
10 Bucklow, The Alchemy of Paint, 31.

11Bucklow, The Alchemy of Paint, 31.



To protect local alum markets, the importation of Turkish alum wasbanned, and Christians caught purchasing it were
labeled fperfidious ofor supporting “the Infidel." 12 By the mid-16th century, European countries like England launched
efforts to discover local alum. Theseinitiatives involved extensive mining, patents, government funding, and monopolies,
but they ultimately failed to produce sustainable results.13

In addition to mining, Europeans attempted to synthesizealum from other minerals, a practice dating backto at leastthe
3rd century BCE. A recipe from 1678, recorded in the Philosophical Transactions of the Royal Society of London,
describesthe process: specific stoneswere burned continuously for nine to twelve months, depending on the fillness of the
mineral. 0 The residual material wasfermented in stale urine or lye derived from burnt seaweedashes.The resulting
solution wasthen boiled to extract alum.14

Potash

Potash, or potassium carbonate (KB C Q,as a common baseused for lake pigments. The term "potash” derives from its
traditional production method: soaking wood ashesin water-filled pots, a processsimilar to that usedfor creating lye.1>
Potash& properties also closely resemble those of lye, which was also used by painters to dissolve red insect dyesfrom
textiles. Historically, potash quality wastested using simple methods. For instance, a good alkali could make a fresh egg
float or dissolve a feather.16If these criteria were met, the potash was deemed suitable for usein dyeing and pigment
making.

12 Bucklow, The Alchemy of Paint, 31.
13 Bucklow, The Alchemy of Paint, 33.
14 Bucklow, The Alchemy of Paint, 26.

15Bucklow, The Alchemy of Paint, 43.

16 Bucklow, The Alchemy of Paint, 25.



Acid and Base | Used for All the Pigments
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The alum | usedis aluminum potassium sulfate. The Potash| usedis potassium carbonate.



How Colors In Plants are Created

| am experimenting with various colorful flowers to create lake pigments. The vibrant huesin flowers
are produced by biochromes, natural pigments that absorb different colored light with specific
wavelengths. The color we perceiveis aresult of that specific light reflecting backto our eyes?!’

17GhazalaYaqub and Haleema Sadia, Dyes and Pigments (Oakville, ON: Arcler Press,2019), 65.



Reds

Cochineal

Origin and Historic Uses

Cochinealsare scaleinsects native to Central and South America
that produce avibrant red pigment. Theseinsects parasitize cacti,
particularly speciesof Opuntia and Nopalea.'® The red pigment
comesfrom carminic acid, acompound that makesup about 25% of
the insect's body weight and acts as a defensemechanism against
predators like ants.1® Becauseof the namefi ¢ a r baocni iahghioeal
pigment is also called carmine red. Only female cochineals produce
carminic acid, sothey are usedin pigment production.

Cochinealshave been usedas colorants since around 500 BCE by
the Paracaspeople in highland Peru.?° In Mexico, they were A
traditionally usedto dye textiles, adorn royal headdresses,and make Figure 3. Dried cochineals used.
lipsticks. Today, cochineal pigments are used globally ascoloring

agentsin cosmetics,food, and textiles.

18 Robin Donkin, i S p a mRedsAm Ethnogeographical Study of Cochineal and the Opuntia C a ¢ t Transadtions of the American Philosophical Society 67 (1977).

n actusBugsIn Re (o]0} e Are illion Indust | usiness| Insigder business , https://www.youtube.com/watch?v=i Y JovVg .
19\Why Tiny C Bugs In Red Food Dye Are A $35 Billion Industry | Big Busi Insider Business 2023, hitps:// b /watch?v=iBNySB2jpV

20 Yaqub and Sadia, Dyes and Pigments, 13.
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Cochineal in Europe

Cochinealswere introduced to Europe after Hernan Cortés' conquest of the Aztec Empire in 1521.At the time, the primary
red dye in Europe waskermes, a scaleinsect found on oak treesin the Mediterranean. 21 Cochineal pigments quickly
replaced kermes becausethey adhered better to wool and silk, produced more vibrant colors, and were longer-lasting.
Artists such asRembrandt, Van Gogh, and Renoir beganincorporating cochineal pigments into their paintings. By the
18th century, the pigment was also being usedto color food.22

European Cochineal Lake Pigments

In Europe, there were two methods for producing cochineal lake pigments. The Mariani Treatise, a 17th-century Italian
manuscript, comparesthem. One method directly produced pigment from cochineal grains, while another method
involved extracting pigment from scrapsof fabric dyed with cochineal.2® Using fabric waste wasthe earlier method, as
direct extraction of lakes only becamecommon in the 17th century .24

Chemically, the carminic acid in cochineal forms a metal salt or complex, often precipitated using aluminum or tin
compounds. Aluminum -basedrecipes produced scarlet hues, while tin -basedmethods yielded cherry red.?> A lesser-
known method involved using copper to create a distinctive purple pigment. For example, Salter describes "Indian
Purple" as made by precipitating cochineal extract with copper sulfate:

"It is a very deep-toned Imperial green but rather cold and subdued purple, neither sored nor so brilliant as burnt
carmine ."26

21 Bucklow, The Alchemy of Paint, 22.

22WhyTiny CactusBugsin RedFood Dye Are A $35Billion Industry| Big Businesg InsiderBusiness
23 Eastaugh, The Pigment Compendium, 215.

24Kirby etal., Natural Colorants for Dyeing and Lake Pigments, 33.

25Kirby etal., Natural Colorants for Dyeing and Lake Pigments, 33.

26 Eastaugh, The Pigment Compendium, 192.



Process
My partner and | tried the reverselake recipe.

Fo.

Fig 4. Ground cochineal toa powder. Fig 5. Boiled 4.6 g of dyestuff in a Fig 6. Dissolved 4 g of potash in 50
tea bag in 10 g of alum with 300 g of water over heat with a stirring

ml of water for 15min utes. motion.

Fig 7. After the dyestuff and Fig 8. The pH was closeto 8. Fig 9. Stirred until there was no
alum solution boiled for 15 more bubbling (chemical
min utes, we gradually mixed reactions).

the potash solution into it, and
precipitation (bubbling)
occurred.



Fig 10. Dyestuff solution was Fig 11.Washed the pigment by
poured through a funnel with pouring clean water through the
filter paper. funnel until the filtrate was clear.

Divergence from original recipe and research:

We tried to follow the recipe provided by Natural Colorants for Dyeing and Lake Pigments,27 but we messedup the proportion of
ingredients a bit, sothe result was different from the research.We got a pH level of eight while the original recipe calls for six to
seven This difference may also be aresult of natural variations in the cochineal insects. Differences in where the bugs were
sourced, and the types of cacti they feed on could potentially lead to discrepanciesin their chemical composition. This theory
stemsfrom the fact that other groups in this lab also created cochineal pigment, wit h different groups using cochineal from two
distinct bottles. Even though the groups usedthe sameproportion of ingredients, they reported varying pH levels. The two
different cochineals also created different colors: one made a lighter pinkish hue, while the other yielded a darker purplish -red.
Interestingly, despite these differences, none of the groups achievedthe vibrant red traditionally associatedwith cochineal, as
describedin the literature. This inconsistency raisesintriguing questions about additional variables affecting the pigment.

27Kirby et al., Natural Colorants for Dyeing and Lake Pigments, 83.



Process for the remainder pigments

For the remaining pigments, | adhered to the traditional sequencemethod. | did some modifications for certain
pigments, which | will clarify in their processsection. But, the recipesfollowed this general structure:

1. Grind the dyestuff asfinely aspossible, ideally into a powder.

2. Combine 4 g of potash with 300 ml of water in a 1000 ml beaker. Placethe ground dyestuff in atea bagand boll
it in the potash solution over heat for 15to 20 minutes.

3. In a100ml beaker, dissolve 10 g of alum in 50 ml of water while stirring over heat.

B

Removethe tea bagwith the dyestuff. Gradually add the alum solution to the dyestuff mixture, stirring
continuously. Stop stirring once the chemical reaction ceaseg(indicated by no more new bubbles forming ).

Let the solution sit overnight.
Placeafilter in afunnel and pour the solution through it to separatethe pigment from the liquid .

Rinse the pigment with water until the filtrate runs clear.

© N o O

Allow the pigment to dry on the filter, and collect it once fully dried.

(Filtering and washing the pigment wasthe samefor all recipes, sol abbreviated it in the processsection for most of
the following colors)



Madder Root

Origin

Madder refers to a group of plants within the Rubiaceae family, which
includes 630 generaand over 10,400 species?8 While native to

Mexico, madder plants eventually spreadto Europe and Asia. The
finest madder varieties are found in regions such as Asia Minor, the
East Indies, the Caucasus,and the northern coast of Africa. In Europe,
Turkey, Greece,Spain, France, Holland, northern Italy, and Sicily have
historically beenprominent producers of high-quality madder.2°

Etymology

The madder plant & association with the color red is deeply rooted in
various languagesand cultures. In Greek, it wasreferred to as
erythrodanon , ereuthedanon, or teuthrion (erythros, meaning red), |
and also as phenix (phoinix, relates to purple or crimson, derived from Fig 12 Madder roots used.
Tyrian purple dye production). The Romans usedterms such asrubia,

rubidus, and rubeo (from ruber, meaning red). In Old English, the

word "madder" originated from madere, which hascognatesin Old

Norse (madra) and Old High German (matara ). The only modern

English derivative isfma d d e r whishedesoribesthe oxidation

processthat turns wine brown.30

28 Robert Chenciner, Madder Red: A History of Luxury and Trade (Taylor & Francis Group, 2000), 10.
2% ChencinerMadderRed: A History of Luxuryand Tradg 10.

30 ChencinerMadderRed: A History of Luxuryand Tradg 3.



Historic Uses

Madder has beenutilized in Europe since ancient Greekand Roman times for textiles, art, cosmetics,and medicine. Greek
and Roman writers, including Pliny, Hippocrates, Dioscorides, and Theophrastus, documented its medicinal properties.
The 17th-century English botanist Nicholas Culpeper detailed its medical and cosmetic usesin The Complete Herbal :

At hath an opening quality, and afterwards to bind and strengthen... It stops looseness,the hemorrhoids, and the
menses...The leavesand roots beaten and applied to any part discolored with freckles, morphew, the white scurf, or any
such deformity of the skin, cleansesthoroughly and takesthem away.6?!

The plant® medicinal benefits were also consumed astea, from ancient Egypt to modern Germany. Additionally, feeding
madder to animals stained their bonesred, making it a valuable tool for studying bone growth .32

Beyond its medicinal applications, madder wasalso usedto color food and medicine. Historian Joan Thirsk noted its use
in dyeing medicines.33 While kermes and cochineal were more commonly employed in food coloring, madder was
occasionally usedto stain food aswell. For example, the 14"-century Arabic Book of Familiar Foodsincludes recipes
where madder roots were usedto dye fish red, giving it the appearanceof meat.34

31Nicholas Culperper, The Complete Herbal (Arcturus Publishing Limited, 1653),43.
32 Derek Richter, i L X X XVITAL STAINING OF BONESWITH MA D D E RBjo¢hemical Journal 31,no0. 4 (n.d.), 591.
33 Chenciner, Madder Red: A History of Luxury and Trade, 9.

34 Chenciner, Madder Red: A History of Luxury and Trade, 10.



Botanical Description

Madder (i.e., Rubia tinctorum ) haselliptical leavesarranged in groups of four
to six along its long, hairy, weakly jointed square stems. The leavesare smooth
on top but have a rough underside. By the plant& secondor third year of
growth, it produces small, star-shapedyellow flowers that bloom in pairs along
the stems. Theseflowers eventually yield shiny black berries, which dry into
peppercorn-like seedss>s

The red pigment of madder comesfrom its roots, which are rich in colorants

such asalizarin and purpurin. Among the Rubiaceae family, only afew

cultivated speciesare usedin dyeing becausethey contain more alizarin than

wild varieties. Thesecultivated madder plants are known asii d y enva@«d e r
and the most common type is Rubia tinctorum .36 |

Other Wild Madder Varieties

Although mainstream practice usescultivated madder for dyeing, a few wild
madder specieshave been historically usedfor dyeing. For example, Rubia
cordifolia (commonly called imu n j eoeRul@a munjista Roxb.) wasakey
dyestuff for Indian printed cottons exported to Europe from the 17thto 18th
centuries. Another variety, Rubia sikkimensis, waswidely usedin the
northeastern provinces of India to produce the freds of Naga.G3”

Figure 13.Victorian Madder Illustration. 1846, iStock.
https://www.istockphoto.com/vector/wild  -madder -
bedstraw -heath-victorian -botanical -illustration -
gm512289658-87089091.

35 Chenciner, Madder Red: A History of Luxury and Trade, 5.
36 Chenciner, Madder Red: A History of Luxury and Trade, 4.

37 Chenciner, Madder Red: A History of Luxury and Trade, 8.



Madder Lake Pigment

Madder® history asa coloring agent spansmillennia. Ancient Egyptians usedit to decorate burial chambers and mummy
bandages3® In the Indian subcontinent, madder wasfound in artifacts from the Indus Valley Civilization (26007 1900
BCE) and was extensively usedin the Mughal Empire (15261 1857 CE) for printing, dyeing, and painting. 3°

Early European madder lakes were often made from madder-dyed textile waste. Recipesfrom 15th- and 16th-century
Germany and the Netherlands describe extracting red dye from cloths using strong alkali solutions, which formed a
gelatinous liquid. This solution was precipitated with alum to create the pigment.4° Stronger lye was often required to
extract madder from wool textiles, asthey are highly durable.

In early European art, madder lake pigments were more common in northern Europe, while southern European painters
often used lake pigments derived from shell insects#! Shell insect pigments, such askermes and cochineal, becamemore
widely usedin northern Europe after the discovery of the New World in the 17th century.4?

38 Yaqub and Sadia, Dyes and Pigments, 4.

39 Chenciner, Madder Red: A History of Luxury and Trade, 289.
40 Chenciner, Madder Red: A History of Luxury and Trade, 174.
41Chenciner, Madder Red: A History of Luxury and Trade, 174.

42 Yaqub and Sadia, Dyes and Pigments, 4.



Process
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Fig 16.Dissolved 10 g of alum in 50 ml
of water over heat.

. ~

Fig 17.Gradually mixed in the alum Fig 18. Chemical reaction s stopped. Fig 19.Filtering and washing Fig 20. 2.7 g of madder

solution to the dyestuff solution while pigment on the next day. 3.01g of pigment.
stirring.

roots created



Hibiscus Flower

Origin and Historic Uses

Hibiscus flower (i.e., Hibiscus sabdariffa ), also known asroselle or bissap,
originates from tropical and subtropical regions, including SoutheastAsia and
the coastof Africa.43

Theseflowers hold deep cultural significance acrossthe globe. One of their most
profound connections is to Afro-Cuban identity. Hibiscus wasintroduced to the
Caribbean from Africa during the transatlantic slavetrade.44 Enslaved people
cultivated hibiscus in their kitchen gardens aspart of their efforts to preserve
African traditions and knowledge. Over time, it becamea dietary staple in the
South American and Caribbean regions.

. ) ) ) ) ) ) ) Fig 21.Dried hibiscus flowers used.
Hibiscus also hasarich history in Asia. In India and China, the tannins that

hibiscus flowers contain have traditionally beenusedasa hair dye.*> Asian
speciesof hibiscus were introduced to the Caribbean during the migration of
indentured laborers. Between 1837 and 1920, European colonial powers
recruited more than 2.2 million Chinese,Indians, Javanese,Malagasy, and free
Africans to work on tropical plantations globally .46

43 Nanxi Li, JamesE. Simon, and Qingli Wu, i De t e r miofrAathocyanms, Organic Acids, and Phenolic Acids in Hibiscus Market Products UsingL C/ UV / Bb8rnab of Food Science89, no. 2 (February
2024): 1098i 1113 https://doi.org/10.1111/1750 -3841.16909, 1098.

44 AndrésTrianaSol6rzanofi P | af theMonth:Hi b i sIETORDaily, April 28,2023, https://daily.jstor.org/plartf-the-monthrhibiscus/

4 HongyanCuietal.,i R e cAelvaricementin NaturalPlantColorantsUsedfor Hair Dye Applications:A R e v i Bolecudes27, no. 22 (November20,2022):8062,https://doi.org/10.339@40lecules27228063.
46 Solérzanofi P | agftheaMo nt h. o


https://doi.org/10.1111/1750-3841.16909
https://daily.jstor.org/plant-of-the-month-hibiscus/
https://doi.org/10.3390/molecules27228062

This migration representsthe Caribbean essenceof creolization, further
cementing hibiscus® importance to the culture. For example, the Indian
speciesHibiscus tiliaceus was usedfor toothbrushing, fodder for animals,
garden hedges,and in religious worship in India. It wasassociatedwith the
Hindu goddessKali, symbolizing power and strength, an image that
resonated deeply with Indo -Caribbean communities. 4’ Today, hibiscus is
consumed worldwide, primarily asfood coloring or a nutritional teafor its
antioxidant properties.48

Figure 22. Hibiscus and Bluebird.
Utagawa Hiroshige, ca. 1832, The Met.
https://www.metmuseum.org/art/colle
ction/search/36733 .

47Solérzano,i P 1 aftheMont h. o

48 |Inés Da-CostaRochaetal.,i Hi b i Satdarifa L. i A Phytochemical and PharmacologicalR e v i &and Ghemistry 165(December 2014): 4241 43, https://doi.org/10.1016/j.foodchem.2014.05.002 , 426.
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Botanical Description

The hibiscus is a large genusof around 300 specieswithin the Malvaceae family
and the Hibisceae tribe.4° This diverse genusincludes both annual and perennial
herbaceousflowering plants, aswell assmall trees and shrubs.5© Among these, the
most recognized speciesis Hibiscus sabdariffa , which | usedfor my pigment. H.
sabdariffa is an annual herbaceousplant that can grow up to two meters tall .51 Its
branches are reddish-green, and its leavesare long, palm-shaped, and serrated
along the edges.The plant is notable for its large red flowers with short necks,
which bloom for only one to two days. Its fruits are wrinkled capsulesthat enclose
brown seeds??2

Hi b i stbick p&tals are vibrantly red due to the high levels of anthocyanins they
contain. The potential of anthocyanin asa pigment is not widely explored, but
Ozougwu and Anyakoha evaluated its efficacy asa dye.>3 Their researchfound that
hibiscus dye exhibited reasonablelightfastness, though it showed fading when
washed. Using alum asa mordant produced a warm maroon color, while other
fixatives, such astannic and citric acid, significantly altered the hue. Alum and
tannic acid provided the strongest lightfastness.

Figure 23. Hibiscus Cameroni-fulgens. 1844,

PictureBoxBlue.

https://www.pictureboxblue.com/botanical
4 Da-CostaRochaetal.,fi Hi b iSabdarifalL. i A PhytochemicahndPharmacologicaR e v i 428., © hibiscus-drawings/ .

505 K. DattaandYoudh ChandGupta,eds. Floriculture and OrnamentalPlants(SingaporeSpringerNatureSingapore2022), https://doi.org/10.1007/97881-15-35185, 484.

51 AbdelMoneimElhadiSuliemanfi An t i miActivitp &f Roselle(HibiscusSabdariffal.) SeedOi lin,Maltiple Biological Activitiesof UnconventionaBeedOils (Elsevie, 2022),91i 100, https://doi.org/10.1016/B976-
12-8241356.000039.

52 DattaandGupta,Floriculture and OrnamentalPlants 484.

53 StellaU. OzougwuandElizabethU. Anyakohai A ¢ ¢ elify bfaCbttonFabricTreatedwith Dye Extractedfrom Roselle(HibiscusSabdariffa)CalycesBasedon Its PhytochemicaCompositionandEvaluationof
OrganolepticAt t r i Bficandaurnaof Agricultural Researchl1, no. 33 (August17,2016):3074 81, https://doi.org/10.5897/AJAR2014.91,(8080.
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https://doi.org/10.1016/B978-0-12-824135-6.00003-9
https://doi.org/10.1016/B978-0-12-824135-6.00003-9
https://doi.org/10.5897/AJAR2014.9108
https://www.pictureboxblue.com/botanical-hibiscus-drawings/
https://www.pictureboxblue.com/botanical-hibiscus-drawings/

Process
The first try was not successful.There was a lack of chemical reaction despite using the standard amount for all the
ingredients.

S5 N WA s
Fig 26. Somedyestuff got into the
liquid, but I could not filter it out

becauseit would also isolate out the
pigment.

Fig 24. Heated 10 g of ground
hibiscus in a tea bag in 4 g of
potash and 300 ml of water for
18 min utes.

Fig 27.1 added the 10 g alum Fig 28. | testedthe pH after Fig 29. | poured out 100 g of the

solution gradually, but there every addition of alum, but it dyestuff solution to create an
was minimal bubbling, sol remained around 2 to 3, so experiment sample, to which |
added one more 10 g alum not much chemical reactions added two more 10g alum

solution. occurred. solutions.



Fig 30. | added the alum solutions
gradually, but there was still
almost no bubbling.

s

Fig 32. Pigment did not precipitate,
but | filtered out the experiment
sample to seewhat would be
obtained.

Fig 31.The pH was tested after each
addition, but there was no change
(right sideis the experiment sample;
left side is the control sample).

Fig 33. Alot of alum crystalized on
the bottom and around the edges
(control sample was similar).

i

Fig 34. A small amount of crystals mixed with tiny bits of
dark purple/black color was obtained.



Second Batch

After the failure, | went online to searchfor other p e o p éxgedemnceswith hibiscus pigment. Under a YouTube video,
one comment suggestedthat a pH between 1-3=red, 3-5=loss of color, 6-8=purple, 8-9=blue, 10=yellow.>* However,
another comment mentioned that hibiscus in a basic solution yields a dark blue, while an acidic solution preservedthe red
color. The commenter explained that this is not due to the acid and basemixing together but rather a chemical reaction
with the anthocyanins in the plant.

After receiving these mixed signals on whether acidic or basic solutions create ared pigment, | decided to combine the
alum and the potash solution at the sametime to adjust the color during the process.

Process

1000m! -

\ o

1

abnigue
»

Fig 36. It turned to a dark purplish Fig 37.1 dissolved 8 g of alum in 40

flower in a teabag and boiled it in 300 ml red after the boil. ml of water and 3 g of potash in 20
of water for 18 min utes. ml of water over heat.

54 Hibiscus Dye, Pigment & Paint Fail, n.d., https://www.youtube.com/watch?v=QuaTtdZjPHk .



https://www.youtube.com/watch?v=QuaTtdZjPHk

Fig 38. | alternated adding the potash
and alum solutions, stirring
throughout the process. The addition
of alum produced pink bubbles, while
the potash turned the color dark
purple. There was more reaction than
the first try, but it was still weaker
than those observedin previous
pigments.

Fig 39. Potash also made the solution
more grey. Small amounts of grey
bubbles appeared in the middle of the
purple bubbles after each pour.

Fig 40. | mixed all the potash and alum in
and stirred until new bubbles stopped

forming.

//

Fig 41.Thefinal s o | u tpH wvas6
still around 2 to 3.




Third Batch

| tried again using the samemethod asthe secondbatch but with a different ratio of the ingredients.

Process

Fig 42. 1 used 8 g of whole hibiscus flower and
boiled it in 300 ml of water for 15min utes.
Meanwhile, | melted 3 g of potash in 20ml water
and 9 g of alum in 40 ml water.

Fig 43. After boiling, the color was a dark
purplish red.

Fig 44. | added the alum and the potash
solutions interchangeably at a gradual pace (left
a bottom for both solutions). The potash created
a dark purple like the secondtry, but the alum
did not make any pink bubbles. It did make the
solution lighter and greyer.



Comparison Between Second and Third Batch solutions

Fig 45. Comparison between secondand third batches

The third batch hasapH of around two and is a blue-purple color while the secondbatch with a pH of around
three is ared-purple. The pH levelsalign with the acid-to-baseratios, which are 3:1for the third batch and 2.67:1
for the second. Note that hibiscus flowers are slightly acidic in nature, which | did not account for when | put
different amounts of dyestuff in the two trials. The dyestuff solutions suggest that acid makes hibiscus pigment
turn a cool purple while more baseproduces awarmer red. Interestingly , however, the bubbling process
suggestedthe opposite (alum made pink bubbles while potash created purple bubbles).



Final products

Even though the secondbatch did bubble, there was not much precipitation, and no pigment was collected. The third
batch did precipitate a bitd only 1.49 g of pigment was made from 8 g of hibiscus flower.

Fig 46. Filtering secondbatch. Fig 47. Filtering third batch. Fig 48. Third batch dried pigment.



Marigold

Origin and Historic Uses

Marigold is a member of the Tagetesfamily and originate s from the
Americas, particularly Mexico and Central America. They have been
used for medicinal, ornamental, and spiritual purposesacrossvarious
cultures.>> Somevarieties, such asthe Mexican mint marigold, have
psychoactive properties and can causehallucinations when consumed
in large quantities .6 The Aztecsand Maya, for instance, used
marigolds to enter trance-like statesin religious ceremoniesbefore
human sacrificesto the Fire God, Huehueteotl.>”

Fig 49. Dried marigold used.
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In Mexico, marigolds hold spiritual and medicinal significance. On the Day of the Dead, marigold flowers are commonly usedto
decorate ofrendas (home altars), where they are believed to guide the souls of the deceasedback to the altar.>8 This practice
originates from the Aztec harvest festival, where marigolds were woven into large heapsto attract the souls back to Earth.
According to Aztec beliefs, the Goddessof the Dead, Mictecacihuatl, cherished flowers, and the marigold tributes could help her
allow the soulsto return for one day. Marigolds' bright yellow color was supposedto illuminate the s o u path backto Earth.>9
Additionally, marigolds are usedin various traditional Mexican medicine recipes, treating conditions such askidn ey stonesand
eyediseases®? Marigolds also hold great cultural significance in India, where they are usedto decorate prayer spaces,weddings,
and are offered at temples.51

Etymology and European Uses

The name "marigold” is a hybrid term combining Hebrew and Anglo-Saxonelements. The English word "gold" praisesthe
flower & brilliant yellow hue, while the term M a r is derived from the Hebrew fMiriam, 0 a name associatedwith the Virgin
Mary. %2 This spiritual connotation is reflected in alternative namesfor marigold in religious literature, such asflady's tressesor
Aady®s | | p% This associationis alsofound in other Anglo-Saxon-related cultures such ashow the German name for
marigold, Totenblume, means"flower ofthed e a®@ . 0

Marigold wasintroduced to Europe in the sixteenth century by Spanish explorers from the Aztecs.In Europe, their usereflected
both their religious associationsand health benefits. Peasantsoften offered marigolds to Virgin Mary, and the British used
marigolds to decorate graves.Marigolds becamewidely known for their medicinal properties in Europe aswell.6>
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Plate 100

Botanical Description

Marigold plants typically grow betweensixty to ninety centimeters tall,
with arange of colors including yellow, orange, red, and orange-brown.
Their leavesare pinnately divided, and the flowers form globular
heads®6 The scent of marigolds is citrusy, green, and subtly spicy, with
the leavesrich in oil, which is often extracted to make essential oils.6’

Marigolds thrive in temperate climates with fertile, sandy soil and
sufficient moisture and sunlight. The most common varieties include
the African marigold (T. erecta) and French marigold (T. patula).s8

The yellow-orange color of marigold is primarily due to the carotenoid
pigment lutein. The lutein content in marigold flowers can vary . |
significantly, ranging from four mg/g in greenish-yellow flowers to N |
800 mg/g in orange-brown varieties.®® Lutein is commercially usedin ‘\
eyeointments due to its antioxidant properties.® E T |
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Figure 50. Marigolds . 17371739 PictureBoxBlue.
https://www.pictureboxblue.com/elizabeth -
blackwell -curious-herbal/ .
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Marigold as a Natural Colorant

Zhang and Wang conducted an analysis of marigold pigments, isolating the pigment using ethanol through a processof
distillation, condensation, and precipitation. At a neutral pH (pH of seven), the extract produced a bright yellow color,
which deepenedto brown asthe pH increased. The pigments were found to be stable under daylight and heat. Lutein itself
IS most stable within a pH range of three to nine. At extreme pH levels or under prolonged light exposure, lutein loses
color due to isomerization. The pigment stability improves when combined with higher concentrations of arabic gum or

mesquite gum.’?
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Process

(A

Ao
-

Fig 52. Boiling 7.4 g of marigold with

S,

Fig 51'9“)””(.’ marigold  for 30 4 g of potash in 300 ml water for 18
min utes; the fibers were tough to .

: min utes.
grind down.

|

Fig 54. The bubbles had a gradient. Fig 55. Washing the pigment.

Fig 53. 1 gradually addedthe 10g
alum solution, and there was a lot
of bubbling.

Fig 56. 7.4 g of marigold yielded
2.69 g of pigment.



Saffron

Origin and Historic Uses

Saffron is an ancient plant, with some of the earliest depictions
found in the frescoesof the Minos Palaceon Crete, dating back to
16001 1700 BC. Its origins are debated, with theories suggestingit
may have come from the Middle East, the islands of southwest
Greece,or Central Asia.’?

Historically, saffron hasbeenvalued not only for its culinary usesbut
also for its powerful medicinal properties. The Roman scholar Pliny
the Elder described saffron asa"panacea"in Naturalis Historia
XXXVII .73 Saffron has beenusedto treat conditions such asspasms,
digestive issues,and respiratory ailments. It wasalso known for its
sedative and antispasmodic properties. Midwives had used saffron
during childbirth since the Middle Ages/4 Additionally, its pain-
relieving properties were usedto treat fractures and other physical
injuries .”>

Fig 57. The saffron used.
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Saffron® vibrant golden-yellow hue also made it a prized material in the arts. It wasusedin many ancient works, suchasa
second-century colored table created by the Akkadians. 76 Saffron was particularly favored by artists and illuminators for its
ability to mimic gold. 7 This imitation could be achievedeither by creating a varnish or a pigment that replicated gold. For
example, the medieval Latin manuscript Mappae Clavicula included arecipe titled "How to Color Tin Leaf," which combines
saffron with linseed oil, orpiment (a golden yellow arsenic sulfide), and gum to produce a varnish that is brushed over atin leafto
imitate gold.”® Thesevarnishes were often brushed over manuscripts and artworks to give them a lustrous golden sheen.
Similarly, in the fourteenth and fift eenth centuries, illuminators used saffron asa key ingredient in recipes for gold-like pigments,
which included other substancessuch as mercury, tin, and sulfur. 7°

Figure 58. The saffron gatherer fresco (Knossos). ca. 15th Century BC, Wikimedia Commons,
https://commons.wikimedia.org/wiki  /File:Blue_Boy_collect_saffron, Minoan_fresco_from_Kn
0sso0s, AMH, 145375.jpg.
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