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Introduction

The demand for natural, effective and safe 

Cosmetics is still increasing. Skin-identical 

molecules from natural origin which repro-

duce natural biological mechanisms of the 

skin are cosmetic ingredients of high inter-

est. Among these ingredients, hyaluronic 

acid (HA) takes one of the first place. Indeed, 

this linear glycosaminoglycan polymer com-

monly located in extracellular matrix of the 

skin and involved in many signalling path-

ways including embryonic development, 

wound healing, inflammation etc. is found 

in numerous anti- ageing products. How-

ever, the production process used to ob-

tain HA polymer in commercial quantities 

are not completely in line with eco-respon-

sibility criteria and the rigour of natural cos-

metics standards. Indeed, even if HA from 

animal tissues (rooster combs) is gradually 

replaced by natural HA from Bacillus, these 

bacteria have to be genetically modified 

with genes encoding for the HA biosynthetic  

pathway [1]. 

However, knowing the importance of hy-

aluronic acid to maintain a healthy skin as 

well as its powerful image among consum-

ers, cosmetic industries have to go further 

and find new innovative actives. Therefore, 

another skin-identical molecule arises for its 

efficacy to stimulate the natural mechanism 

of hyaluronic acid synthesis: glucosamine 

(GS). Nevertheless, this GS cosmetic active, 

similarly to HA, has to be ideally developed 

from plant-based not genetically modified 

and matches the meticulous criteria of natu-

ralness, eco- respon sibility, safety and efficacy. 

A Plant-Based Alternative to Existing 

Glucosamine, the Skin-Identical 

Booster of Hyaluronic Acid Synthesis 

A. Jeanneau

ABSTRACT: Highly used in cosmetics, hyaluronic acid has a strong image of efficacy among 

consumers as well as numerous evidences of its properties to reduce visible signs of age-

ing. Current hyaluronic acid is now issued from biotechnology origin. Nevertheless, the con-

tinuous strengthening of regulation and natural standards enforce cosmetic industries to in-

novate and develop new natural solutions to maintain skin beauty while preserving the 

environment. Therefore, using the skin-identical molecule to reproduce the skin-identical 

mechanism of the hyaluronic acid synthesis is more relevant. The development of glucos-

amine from vegetable-origin, known as the precursor molecule of hyaluronic acid synthesis, 

answers the demands of natural and eco-responsible cosmetics and offers a plant-based alter-

native to existing glucosamine while keeping the anti-ageing claims regarding “hyaluronic acid  

synthesis booster”. 
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The objective of this article is to present the 

development of a plant-based alternative to 

existing GS. 

I. Glucosamine –  

the Essential Substrate for 

Hyaluronic Acid Synthesis

Glucosamine, an amino sugar occurs natu-

rally in all human tissues, is the primary sub-

strate for HA synthesis and subsequently pro-

duces proteoglycans. This molecule is already 

well-known in food supplements, in hydro-

chloride or sulfated versions, for its anti-in-

flammatory and chondroprotective effects to 

treat osteoarthritis. However, searches have 

highlighted that osteoarthritis treatment by 

topical administration of GS may be more ef-

fective and safer for the treatment on joint 

stiffness rather than oral route considering 

hepatic first-pass effects and side effects of 

oral delivery actives [2]. 

Moreover, the skin benefits of GS and es-

pecially to reduce visible signs of ageing is 

more and more studied and attract the cos-

metics market. Thanks to its stimulation of 

hyaluronic acid synthesis, GS accelerates 

wound healing, improves skin hydration, and 

decreases wrinkles. As an inhibitor of ty rosi-

nase activation, it inhibits melanin production 

and is useful in treatment of hyperpigmen-

tation disorders [3]. Indeed, an ex vivo study 

has revealed the effectiveness of GS through-

out the expression of skin ageing biomark-

ers [4]. GS increases the expression of hyal-

uronic acid principal cell surface receptor 

CD44 involved in matrix stability and cell-cell 

adhesion regulation which leads to increase 

the water holding and therefore the water 

content in tissues. GS has also an efficacy to 

increase the expression of the collagen IV re-

ceptor in epidermis linked to cell growth and 

differentiation and thus reduces ageing. 

II. Innovative Process for 

a Plant-Based Alternative 

to Existing Glucosamine

Despite the well-established skin benefits of 

GS, the existing GS is obtained from shell-

fish or microorganism fermentation lead-

ing for one, to allergic and sustainable is-

sues and for the other, to a variability in yields 

and physi cal properties of glucosamine. 

Thus, there is a need for a natural glucos-

amine matching all parameters of natural-

ness, safety, eco- responsibility and effective- 

ness.

A dry extract of chicory root stabilized on 

maltodextrin concentrated and standardized 

from 10 to 15 % in glucosamine was devel-

oped to answer these needs (INCI: Cichorium 

Intybus (Chicory) Root Extract (and) Malto-

dextrin).

After many years of research, chicory ap-

pears as the best “vegetable” candidate 

for a plant-based glucosamine even if its 

roots contain a low amount of natural glu-

cosamine (0.04 %). Indeed, it answers sus-

tainable criteria: chicory is abundant, re-

newable and cultivated locally in France. It 

is a plant well-known in food both for its 

leaves as salads (like Dandelion), and for its 

fleshy roots as caffeine free coffee substi-

tute. The roots of the species Cichorium in-

tybus non-used for coffee manufacturing 

are chosen for the development of this new 

cosmetic active allowing upcycle and ecovalori- 

zation. 

Thus, one of the main objectives was to 

first find an eco-responsible solution to in-

crease the natural content of glucosamine 

in chicory roots. An eco-responsible innova-

tive process, equal to a “vegetable factory 

technology”, has been designed. It consists 

of providing the chicory root (after harvest-

ing and drying) a specific natural nutritional 

media to stimulate its own glucosamine syn-
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thesis starting from the glucose it contains 

(Fig. 1). Thanks to this unique and patent-

ed process, chicory contains 100 times more 

glucosamine (4 %) than the original one  

(0.04 %). 

III. The Chicory Root  

Dry Extract Concentrated  

and Standardized in  

Plant-Based Glucosamine

The efforts were then focused on the best 

extraction process to concentrate and ob-

tain the maximum glucosamine level in the 

final active. A selective extraction using ap-

propriate ratio of plant in water solvent as 

well as optimal duration and temperature 

of maceration is carried out. After filtration 

and microbial decontamination, the extract 

is then dried according to an exclusive and 

eco-responsible drying technology called zeo-

dration to preserve the active molecules in-

cluding the glucosamine. The dry extractible 

matter recovered is then stabilized on malto-

dextrin to get the final chicory root dry ex-

tract concentrated and standardized in glu-

cosamine between 10 % to 15 %. 

IV. Natural booster of 

hyaluronic acid synthesis 

– In vitro test

The chicory root dry extract has been test-

ed in vitro in comparison with existing glu-

cosamine hydrochloride. Fibroblasts cells 

were obtained from human normal whole 

skin discs of 8mm of diameter of a 44-years-

hold woman. The cells were incubated dur-

ing 24 hours in absence (control) or in pres-

ence of the reference product glucosamine 

hydrochloride (Sigma-Aldrich) at 0.06 % or 

chicory root native extract at 0.1 % (repre-

senting the final dry extract without malto-

dextrin and showing 0.02 % glucosamine). 

After 24 hours of incubation, cell culture 

medium was taken from cell culture wells. 

The amount of hyaluronic acid released in 

the culture medium was quantified using a 

Fig. 1 From the plant to the extract. Vegetable factory technology: self-enrichment of the chicory 

roots in glucosamine (step 1 and 2) up to the extract (step 3)
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sensitive and specific ELISA kit. Level of sig-

nificance between “Control” and reference 

product has been assessed independently for 

each product by a one factor variance analy-

sis (One way ANOVA) followed by a Holm-

Sidak test (*: p < 0.05). Level of significance 

between “Control” and chicory root native 

extract has been assessed using a Student t 

test (*: p < 0.05).

Result 

Chicory root native extract tested at 0.1 % 

(showing 0.02 % glucosamine) significantly 

increased hyaluronic acid synthesis by 27 % 

(p < 0.01). This result was significantly equiv-

alent to the one obtained by the bench-

mark (Glucosamine hydrochloride) tested at 

0.06 % which increases significantly hyal-

uronic acid synthesis by 26 %. Chicory dry ex-

tract was therefore efficient at a dose 3 times 

lower than existing glucosamine (Fig. 2). 

 Furthermore, the test shows no dose-de-

pendent effect of glucosamine reference on 

the synthesis of hyaluronic acid which enable 

to conclude an average efficacy dose on fi-

broblasts for the native Chicory extract from 

0.1 % to 0.3 %, corresponding to 0.02 % to 

0.06 % of glucosamine and an equivalent 

dose of 0.2 % to 0.4 % in a cosmetic prod-

uct of the final chicory dry extract on malto-

dextrin. 

Therefore, chicory root dry extract may be 

used in cosmetics as a plant-based alterna-

tive to existing glucosamine a lower effec-

tive dose compared to current glucosamine 

sources.

V. Plant-Based Glucosamine 

Improves and Preserves the 

Skin’s Beauty – Clinical Study

To evaluate the smoothing, firming and anti-

wrinkle effectiveness of the chicory active at 

in vivo level, a clinical study was performed 

on 20 women aged 45 to 65 with crow’s 

feet and a lack of firmness in the face. A gel-

cream with 0.4 % of chicory active was ap-

plied on one hemi-face and a placebo cream 

with no actives on the oth-

er, twice a day (morning and 

night) for 28 days. Instrumen-

tal Measurements were per-

formed as well as clinical scor-

ing by a dermatologist and a 

self-evaluation of participants 

before and at the end of the 

28-day study. 

1. Skin Firmness  
Evaluation
Cutometer® was used to mea-

sure the skin biomechanical 

properties. The parameters R0 

representing final deformation 

and therefore skin firmness 

was evaluated at D0 and D28 

on both hemi-face for the two 

products. 

Fig. 2 Chicory dry extract on maltodextrin has better 

efficacy to increase hyaluronic acid synthesis than existing 

glucosamine at three-time lower dose. 
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Result 

The decrease of the final deformation RO 

parameter showing a firming effect is sig-

nificantly greater for the cream with chicory 

active versus placebo cream. This reflects a 

percentage of efficacy of 26 % for the prod-

uct with chicory active for 95 % of partici-

pants versus 14 % for the placebo for 50 % 

of volunteers (Fig. 3).

The dermatologist’s clinical scoring con-

firmed this result and gave a score for sag-

ging skin of – 26 % for chicory active cream 

versus –14 % for the placebo on the struc-

tured scale from 0 –10 between D1 and 

D28. The eye ptosis was also 

improved by – 20 % versus 

–13 % highlighting a tonifying 

effect of the product around 

eyelids.

2. Replumps Wrinkles 
and Fine Lines 
The evaluation of anti-wrinkle 

effectiveness was made by in-

strumental measures with 3D 

Primos® system (Phaseshift 

Rapid In vivo Measurement Of 

Skin), a technique consisting 

in calculation of a phase im-

age from images with inter-

ference fringe projection. The 

image then allows to deter-

mine the height of each point 

and to obtain 2D and 3D mea-

Fig. 3 Skin firmness improvement of cream with chicory active versus placebo product after 

28 days of treatment. Δ D28-D0 chicory active cream: P < 0.0001 (T-test): significant;  

Δ D28-D0 placebo cream P = 0.0197 (T-test): significant

Fig. 4 Anti-wrinkle effect of chicory active product versus 

 placebo product after 28 days of treatment
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surements on the cutaneous 

relief. The study was carried 

out on the three following pa-

rameters: Rt, which represents 

maximum surface amplitude, 

Rz, the average surface ampli-

tude and Ra, the skin rough-

ness (smoothing effect). 

Result 

3D Primos® measurements 

showed a signifi cant improve-

ment of the skin relief on the 

three parameters after 28 

days using chicory active prod-

uct unlike non-significant re-

sults with placebo (Fig. 4, 5). 

This anti-wrinkle effect was 

approved by the dermatolo-

gist scorage with – 31 % mea-

sured for wrinkles around crow’s feet for 

95 % of women versus –13 % for placebo for 

50 % of volunteers on the structured scale 

from 0 – 6 between D1 and D28.

3. Visual Effects

Photography of the hemi-face and zoomed 

on the crow’s feet was taken at reach kinetic 

(D0 and D28). The digital camera used was a 

Nikon® D90. The photographs were taken in 

standardized indirect light. Aperture, speed 

and distance were also standardized.

Result 

The smoothing, firming and regenerative ef-

fects were visible 28 days after the treatment 

as reflected by the photos (Fig. 6). The slack-

ness of the eyelid was reduced, the crow’s 

feet appeared plumped-up and the skin was 

globally smoother.

Fig. 5 2D and 3D illustration for a subject who present 

improvement on skin relief after the 28D treatment with 

chicory active product 
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Fig. 6 Visual effects of chicory active product before (left) and after 28 days of treatment (right) 
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Conclusion 

This study highlighted that chicory root dry 

extract manufactured with a specific chico-

ry root self-enriched in glucosamine enables 

to offer an eco-responsible, vegan, safe and 

efficient plant-based alternative to existing 

glucosamine. A cosmetic product with this 

chicory active at 0.4 %, showing 0.06 % of 

glucosamine, reproduces the natural and 

skin-identical mechanism to increase natu-

rally the hyaluronic acid synthesis and restore 

skin’s beauty. 
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