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Abstract

Forced chicory roots (FCR), a by-product of Belgian endive cultivation, are a valuable source
of bioactive phenolic compounds such as caffeoylquinic acids (CQAS). This study investigated
how post-harvest treatments, including wounding and drying, could be used to increase CQAs
concent in FCR. Results showed that wounding and water loss treatments significantly
increased the content of CQAs in FCR, with chlorogenic acid (5-CQA) content being 3.3-fold
higher after wounding and 244 h of drying at room temperature, and dicaffeoylquinic acids
(diCQASs) content being 2.3-fold higher after wounding and 71 h of drying at room temperature.
The mechanism behind the accumulation of CQAs in FCR was also investigated, with two
potential competitive mechanisms proposed: biosynthesis of CQAs by the phenylpropanoid
pathway (PP) and consumption/degradation by oxidation/oligomerization reactions (OPO).

These mechanisms are temperature- and water-content dependent.
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1. Introduction

Plants offer, through their metabolism, many beneficial compounds for human health. Thus,
natural plant extracts containing these compounds are increasingly used in the food,
pharmaceutical and cosmetic industries. However, the production of these extracts by
conventional methods such as solid-liquid extraction has low profitability and a strong
ecological impact due to the limited content of these compounds in plants. An alternative to
overcome these disadvantages is to increase the content of these metabolites during the growth
phase or the post-harvest phase. The post-harvest application of abiotic stress (wounding, UV,
drought or chemical elicitation) is well-known to increase the content of phenolic compounds

of some vegetables such as potatoes, carrots or globe artichokes *®.

However, abiotic stress on Belgian endive (Cichorium intybus var. foliosum) or its by-products
have never been investigated so far. Belgian endive is a typical food of Belgium and France,
mainly eaten as salads or gratins, and its production is located in the north of France, in Belgium
and in the Netherlands. In France, more than 140,000 tons are produced each year’. During the
cultivation process, many residues are produced, forced chicory roots (FCR) being the main
one. Usually, FCR are used for feed & or composting as biowaste. However, FCR are a great
source of phenolic compounds and particularly chlorogenic acid (5-CQA) and dicaffeoylquinic
acids (diCQAs) %10, These caffeoylquinic acids (CQAs) have valuable bioactivities such as
antioxidant, antibacterial activity and choleretic properties’'24, Moreover, FCR is a raw
material that did not undergo any thermal or chemical treatment during the cultivation process.
Thus, the biological system of the biomass is still active and reactive to stimuli. Pre and post-
harvest abiotic stress can be highly interesting as it will activates the plant’s defence
mechanisms. The main reaction of the plant is the activation of its secondary metabolism, which
leads, among other things, to the production of phenolic compounds ! Briefly,reactive

oxygen species (ROS) content leads to the activation of the phenylpropanoid (PP) secondary



metabolism 1.Increasing the ROS content enhances phenylalanine ammonia lyase (PAL)
activity, a key enzyme that controls the transformation of phenylalanine into cinnamic acid
1819 PAL enzyme is the key control point for 5-CQA formation in the PP pathway?°. Activation
of PAL by ROS increasing is called secondary response?--?, In this article, two abiotic stresses

are investigated for the co-benefits they bring: drying and wounding by cutting after harvest.

Drying fresh biomass is useful to stabilize it, to avoid enzymatic degradation of polyphenols 23
and this can also influence the phenolics content 2426, It has contradictory effects depending
on biomass, drying temperature or water loss speed 2>2"-2°_ For example, phenolic compounds
can be involved in biological pathways which produce phenolic compounds (e.g., the PP
pathway) or pathways which consume those compounds such as lignin synthesis, Maillard
reaction or reaction with amino acids. Thus, it is difficult to know which pathway is
predominant or important 33!, To accelerate the drying process, the biomass can be cut into
pieces. However, this will wound the biomass and thus activates its defence mechanisms. Doing
so, the phenolics content can also vary after a few minutes to a few hours 2. The objective of
this paper is to determine how wounding and drying conditions impact the accumulation of 5-
CQA and diCQAs in the FCR. The article provides insight into how and to what extent the

application of abiotic stress could enhance the CQAs content in the FCR.

2. Material and methods

2.1. Raw materials
The experimental station of APEF (I'Association des Producteurs d'Endive de France, Arras,
France) supplied Forced Witloof Chicory Roots (Cichorium intybus L.) of the cultivars "Flexine
—Vilmorin™ and "Laurine”. For each protocol, around 1 kg of FCR was used. These FCRs were
subjected to a thorough washing with cold tap water and subsequently peeled.

Analytical reagents and chemicals



Thermo Fisher (lllkirch, France) was the source of the following chemicals: ethanol (99.9%),
acetonitrile (99.9%), formic acid (98-100%), and ascorbic acid (>99%). Methanol (99%),
Diméthylsulfoxyde (DMSQO) (99.9%) were provided by VWR (Fontenay-sous-Bois, France).
Diphenyleneiodonium chloride (DPI) (>98%) was purchased from Sigma-Aldrich (Saint-
Louis, USA). Ultra-pure water come from a Milli-Q system (Millipore Corporation, USA).
Chlorogenic acid standard (5-CQA) (>98%) was sold by Sigma (Saint-Quentin-Fallavier,
France) and 3,5-di-O-caffeoylquinic acid (3,5-diCQA) (>98%) was obtained from Carbosynth

(Compton, United Kingdom).

2.2. Experimental strategy

2.3.1 Wounding stress application

Two different wounds have been performed, shredded in julienne (2*3*40mm) with a manual
shredder or cut in slices (2 mm thickness) with a manual slicer. With these wounds, peeled and
shredded roots (R1) or peeled and sliced roots (R2) were obtained. After cutting, FCR were

mixed and randomly separated on each experimental condition.

2.3.2 Drying and storage treatment
R1 were dried in an oven UN160 with natural convection (Memmert, Rosny-sous-Bois, France)
at three different temperatures (30, 40, 50 °C) until water content (WC) was below 10%.
Two drying kinetics were performed: at 30 °C with R1 and at room temperature with R2 to
determine the effect of water loss. A storage kinetic was also performed at 4 °C with R2.
Extractions and analyses were performed regularly to determine CQAs concentration all along
the experiment.

2.3.3 Enzymatic inhibition by diphenyleneiodonium chloride (DPI) application

DPI application procedure was derived from 3 protocol. Briefly, R1 were dipped during 2 min

in a solution containing a DPI solution at 315 pM under agitation. The DPI solution was



prepared with 1% DMSO in ultra-pure water. Control roots were dipped during 2 min in a

solution made with a 1% DMSO in water alone.

2.4 Analytical measurements
2.4.1 Moisture determination
As previously described®*, the moisture content (MC) of FCR was determined in triplicate using
a MB-35 moisture balance (Mettler Toledo, Viroflay, France). Approximately 1g of FCR was
heated at 160 °C until a consistent weight was achieved. The calculation of WC (%) was
performed according to the following formula:

mi—-md

wc = — *100 (Eq. 1)

here, mi represents the mass of the initial sample, while mg denotes the mass of the dried sample.
All following results are reported in dry weight to avoid any misinterpretation of data due to

the concentration of compounds during dying.

2.4.2 Extraction procedure of CQAs
Extractions were performed during 30 min in a 250 mL three-neck flask with septum to avoid
solvent loss. The solvent was an ethanol-water mixture (70% v/v), the temperature was
maintained at 70 °C and the solid: liquid ratio was fixed at 1/100 (g dry weight/ g solvent) in
order to extract all CQAs as described in our previous paper ®. In all experiment, the agitation

speed was maintained at 400 rpm. Each extraction was made with 10 g of fresh biomass.

2.4.3 Quantification of the CQAs
Quantification of CQAs was performed using our protocol previously described®. The
guantification of the CQAs was carried out using Ultra-High-Performance Liquid
Chromatography (UHPLC; Ultimate 3000; Dionex, ThermoFisher), which was equipped with

a diode array detector DAD 3000. The measurement data was acquired and processed by the
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Chromeleon 6.8 software. The CQAs were separated using an Accucore AQ-C18 column,
which was heated at 48°C. The mobile phase was composed of 1% formic acid in water (solvent
A) and acetonitrile (solvent B), and the gradient was as follows: 0-1 min with 2% B, 1-5.5 min
from 2 to 10% B, 5.5-7 min from 10 to 15% B, 7-8.5 min with 15% B, 8.5-11 min from 15 to
25% B, 11-13.5 min from 25 to 80% B, 13.5-14 mins from 80 to 2% B, and 14-15 mins from
80 to 2% B. The flow rate was maintained at 0.8 mL/min, and the sample injection volume was
1 uL. The UV acquisition was carried out at 320 nm. The identification and quantification of
5-CQA and diCQAs (as 3,5-diCQA equivalent) were achieved by comparing their relative
retention times with the corresponding standard compounds. The diCQAs content were the
addition of 3,4-di-caffeoylquinic acid, 4,5- di-caffeoylquinic acid and 3.5-diCQA. Due to initial
variation of CQAs concentration in fresh biomass, all results are normalized relatively to initial
concentration in mg/g dry matter (DM). Roughly, 5-CQA concentration in fresh FCR was between

0.5to 1.5 mg/g om and diCQAs concentration was between 1.5 to 2.5 mg/g pm.

2.4.4 Extraction and quantification of total lignin
The determination of total lignin content followed the Klason lignin procedure®>3, with some
modifications. Shortly, 1 g dry weight of R1 were treated with 15 mL of sulphuric acid 95% at
room temperature for 2 h and stirred regularly to ensure homogeneous mixture. The hydrolysate
was put into a bottle and diluted with 460 mL of distilled water. The mixture was autoclaved at
120 °C for 1 h. The acid insoluble lignin was collected with a Whatmann (Maidstone, United
Kingdom) glass microfiber GF/F in a filtration set up. Solid residue was then dried at 105 °C
overnight and weighted. For acid soluble lignin, the filtrate was diluted by 10 with ultra-pure
water and the absorption was measured at 240 nm with a UV-vis spectrometer (Agilent
Technologies Cary 60, USA). An extinction coefficient of 25 L.g™.cm™ for lignin was used to

calculate the concentrations in accordance with 7.



The concentration of lignin was measured in mg per g of dry matter (mg/g om), and it accounted

for both soluble and insoluble lignin, which were combined to obtain the total lignin content.

2.5 Statistical analyses

All extractions were performed in triplicate. The average values and the standard deviation were
calculated with Excel. Student tests were also performed with Excel to evaluate the significance

of results (p = 0.05).

3. Results and discussion

3.1  Effect of the drying temperature on CQAs accumulation of wounded FCR
FCR cut in julienne (R1) were dried at different temperatures (30, 40 and 50 °C) until the WC

was under 10%. Drying took 36 h to achieve a WC under 10% for 40°C and 50°C but 96 h was
required for the drying at 30°C. Extractions were performed on fresh and dried biomass. 5-CQA

and diCQAs content for fresh and dried R1 are presented in Figures 1.
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Figure 1: Chlorogenic acid (5-CQA) (A) and dicaffeoylquinic acids (diCQASs) (B) relative content
after drying at different temperature. All data are given as mean + standard deviation (h = 3) with
significant differences * (p<0.05) between fresh and dry samples.

Drying at 30,40 and 50°C has increased the amount of 5-CQA. The greatest increase (+ 242%)
is noticed for a drying temperature of 30 °C. The content of diCQAs has increased by +138 %
and +41 % after drying at 30 °C and 40 °C, respectively, but has remained constant at 50 °C. A
high temperature can cause thermal degradation or isomerization of polyphenols?, thus this can

occur here at 50°C. The most interesting temperature to enhance the content of CQAs is 30 °C.



Indeed, at this temperature, 5-CQA content has increased 3.4-fold and diCQAs content has

increased 2.4-fold. In order to understand how and when drying improves CQAS content,

kinetic drying at 30 °C was performed (Figure 2).
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Figure 2 Chlorogenic acid (5-CQA) (A) and dicaffeoylquinic acids (diCQAs) (B) relative content

during drying at 30 °C for R1. Results are given as mean * standard deviation (n = 3).
The relative contents of CQAs were significantly increased (p<0.05) within the first 24 h.
During this period, the loss of water is low (around 0.15% per hour) and the amounts of 5-CQA
and diCQAs have been enhanced by 250% and 280%, respectively. This low water loss is

caused by the oven used, with natural convection. Indeed, during the first 24 h, the oven
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atmosphere was water saturated, so the FCR drying only began after humidity evacuation. From
29 to 53 h, the water loss became higher (1.19% per hour) and the contents of CQAs decreased
significantly (p<0.05). At the end of the drying, when the WC is around 10%, the 5-CQA and

diCQA content are 1.4-fold and 1.85-fold higher than those of fresh FCR.

In summary, two main interesting phases have been identified in the evolution of the content of
CQAs: an increase during the first 24 h coupled with a low water loss and a decrease related to
a high-water loss during the drying. The first phase can be explained by biological phenomena
This hypothesis will be investigated in 3.2. Indeed, some studies suggest that the drying of
wounded biomass at room temperature leads to the biosynthesis of 5-CQA and diCQAs via the
PP 5153839 Thys, PP activation could be an explanation for this increase. During the second
phase, the decrease in CQAs could be explained by another biological effect: lignification.
Indeed, some authors have linked this decrease to a lignification process which converts CQAS
into lignin and suberin *>%°, For example, an increase of the relative expression of the related
lignification enzyme (caffeoyl-CoA 3-O-methyltransferase, cinnamoyl-CoA reductase and
cinnamyl alcohol dehydrogenase) and a higher lignin content have been observed in carrots

with water stress °.

3.2  Biological and oxidation explanations on CQAs evolution on FCR

To evaluate whether the PP activation is the reason for CQAs increase, inhibition of ROS and
its impact on CQAs content was evaluated during 96 h of storage at 30 °C. To do so, DPI, a
known inhibitor of ROS, was used to measure the impact of ROS on the content of CQAs during

drying. Results are shown in Figures 3.
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Figure 3: Relative content of chlorogenic acid (5-CQA) (A) and dicaffeoylquinic acids (diCQASs) (B)
for R1 treated with or without DPI inhibitor. From T+24 to T+96h results are given as mean +

standard deviation (n = 3) with significant difference * (p<0.05) between with or without DPI.

R1 treated with DPI showed a significant decrease in 5-CQA and diCQAs contents during the
first 24 h, whereas R1 without inhibitor exhibited a significant increase in their contents. As
DPI treatment inhibits the biosynthesis of CQAs, one can assume that the increase in CQAS
content is due to the activation of the PP pathway. Without inhibitor after 48 h, 5-CQA content
decreases as it is consumed to form diCQAs whose content remained unchanged. DPI inhibitor
also seems to prevent this phenomenon as diCQAs content decrease. These findings have also
been described in the literature for blueberries and carrots 334!, This pathway in the FCR seems

to be similar to that observed in other vegetables and explains well the results observed herein.
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As previously discussed, CQAs depletion could be due to the lignification process which
consumes phenolic acids to produce lignin #2. To verify this hypothesis, lignin content during

drying at 30 °C with or without DPI inhibitor was measured. The results are shown in Figure 4.
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Figure 4: Total lignin content during drying at 30°C (in mg/g om) for R1 treated with or without DPI

inhibitor. results are given as mean + standard deviation (n = 3)

The lignin content was significantly affected by drying with or without DPI inhibitor (p < 0.05)
with a decrease of around 38% during the process. Moreover, no evident correlation can be
made between lignin content and CQASs depletion seen before. Thus, the lignin hypothesis does
not explain the decrease in the CQA content here for the FCR. It is worth mentioning that the
conversion of CQAs (in particular 5-CQA\) into lignin is still a controversial topic nowadays .
Other authors have linked CQAs depletion to oxidation and oligomerization *4#°, Indeed, CQAs
can be oxidized to CQAs-o-quinone by polyphenol oxidase (PPO) or by basic condition %, then
the quinone reacts with other CQAs or proteins to produce condensation products (e.g., dimer,
oligomers). pH of FCR is acidic (pH=6) #’, so chemical oxidation caused by basic condition not
seem relevant here and PPO activity is the privileged hypothesis. Oxidation and oligomerisation

reactions lead to the formation of a yellow-brown compound called allomelanin 6. This
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hypothesis could be relevant for FCR as fresh biomass turns brown and pink a few hours after
wounding and storage at room temperature (Figure 5A). This colour change could be due to
CQAs/CQAs-o0-quinone. Indeed, CQAs-0-quinone are reactive species and oligomerize to form
brown compounds “°. Additionally, caffeic acid quinone is known to be a pink coloured
molecule %°. Moreover, when the “brown-pink FCR” is placed during 5 min in presence of an
ascorbic acid solution (1 g/L) a quinone reducing agent, the FCR bleaches to its initial colour

(Figure 5B). Only the brownest part remains.

Figure 5: (A) R1 FCR after a few h at room temperature in a room (B) R1 FCR few minutes after

ascorbic acid treatment at room temperature

FCR were dried with a paper towel and left at room temperature. The pink colour comes back
within a few minutes. Taking into account that ascorbic acid is known to be a quinone reducer
and that CQAs and caffeic acid are colourless compounds “8, one can then assume that PPO
was active on the FCR and that the conversion of CQAs into CQAs-quinone and their
subsequent oligomerization could have occurred. Moreover, the FCR become browner during
drying. Thus, CQAs content in FCR could be the result of two antagonist mechanisms: the
biosynthesis of CQAs by the PP and the consumption of CQAs by oxidation/oligomerization

(OPO). These two elements could explain the level of CQAs content in Figures 2. First, the
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increase in CQAs during the first 24 h (PP biosynthesis > OPQ), and after the decrease in CQAs

(OPO > PP biosynthesis). The critical point seems to be when the WC begins to drop. Indeed,

water activity is a critical point for the activity of enzymes involved in PP

and OPO % When

biosynthesis is deactivated (Figure 5, with DPI inhibitor), only OPO occur and CQAs steadily

decrease. Thus, to optimize the CQAs content, water losses should be managed.

3.3 Effect of the water loss on CQAs accumulation on wounded FCR

To avoid water loss, another type of cutting was used, sliced FCR (R2), and followed by a

storing at 4 °C. The WC remained constant during the storage and the

results are shown in

Figures 6.
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During the storage, the content of diCQAs showed a continuous increase (p<0.05) and a
doubling after 250 h whereas 5-CQA contents are statistically equivalent (p>0.05). The R2 FCR
was also dried at room temperature after wounding to evaluated the impact of water loss. The

results are presented in Figure 7.
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during drying at room temperature for R2. results are given as mean + standard deviation (n = 3)

As observed for the previous experiment at 4 °C, without water loss, diCQAs content increases
linearly (p<0.05) whereas 5-CQA content remains stable after 71 h (p>0.05). Thus, in the FCR,
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wounding stress without any water loss leads to the biosynthesis of diCQAs rather than 5-CQA.
These results are in accordance with the literature. Indeed, in the globe artichoke, rich in 5-
CQA and diCQAs, as the FCR studied, abiotic stress leads to the accumulation of diCQAs
instead of 5-CQA 5. However, for potatoes, containing very low or undetectable diCQAs
content, a wounding stress is known to produce only 5-CQA 2°253, The hypothesis is that an
enzyme that produces diCQAs is present in globe artichoke and FCR but not in potatoes. This
enzyme could be the quinate hydroxycinnamoyl transferase (HQT) which produces diCQAs
from 5-CQA “*5* Thus, under the effect of abiotic stress, 5-CQA could be converted into
diCQAs by HQT, thus becoming an intermediate and not the final product if the biomass has a
high content of HQT in the plant cells. After 71h at room temperature, WC of FCR began to
fall. 5-CQA content is more than doubled during the drying process (p<0.05) whereas diCQAS
content is decreased (p<0.05). At the same time, the WC decreased from 88.5% to 46.9% (-
0.24% per hour). These results can be explained by the inactivation of the HQT in the vacuoles
due to a water loss. Indeed, when plant cells are faced with water loss, the first reaction is to
release water from vacuole to protect cytoplasm and cell walls *°. The HQT reaction only occurs
in vacuoles, so drying can cause vacuole dehydration and lead to the deactivation of HQT>.
Under these conditions, 5-CQA, which is synthesized in the cytoplasm °*, becomes the final
product, as observed for carrots and potatoes >*°. Moreover, the water loss was slower than at
30°C (Figure 2), so the PP is still higher than OPO, which could explain the 5-CQA increasing
during the drying. The increase of both 5-CQA and diCQAs in figure 2 could also be understand
with a partial thermal inactivation of HQT at 30°C which leads to an increase of 5-CQA caused
by a production not fully converted in diCQAs by HQT. To conclude, fine tuning of the WC
and water loss rate of the biomass is a key factor to produce diCQAs and/or 5-CQA In carrots, it
was shown that the water stress induced more consumption than biosynthesis of polyphenols.

At the opposite, wounding, leads to the increase of polyphenols content *°. These conclusions
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were in accordance with assumptions from FCR, an increase of CQAs when WC was controlled
whereas a water stress lead to CQAs degradation. Nevertheless, with fine water control this
CQAs-rich biomass would be a useful substrate to produce valuable antioxidants with potential

applications in the pharmaceutical, cosmetic or food industries.

Abbreviations

5-CQA, chlorogenic acid; CQAs,caffeoylquinic acids ; diCQAs, dicaffeoylquinic acids; DM,
dry matter; DMSO, diméthylsulfoxyde; DPI, diphenyleneiodonium chloride; FCR, forced
chicory roots; HQT, quinate hydroxycinnamoyl transferase; OPO, oxidation/oligomerization
reactions; PAL, phenylalanine ammonia lyase; PP, phenylpropanoid pathway; R1, peeled and

shredded roots; R2, peeled and sliced roots

Acknowledgements

The authors express their gratitude to the Association des Producteurs d'Endives de France
(Arras, France) for providing the forced chicory roots. Additionally, this research is financially
supported by the Region Haut de France, the Region Grand Est, the Conseil Départemental de

la Marne, and the Grand Reimes.

Conflict of interests
The authors affirm that they do not possess any known financial interests or personal

relationships that could have potentially influenced the findings presented in this paper.

References

(1) Genzel, F.; Dicke, M. D.; Junker-Frohn, L. V.; Neuwohner, A.; Thiele, B.; Putz, A.; Usadel, B,;
Wormit, A.; Wiese-Klinkenberg, A. Impact of Moderate Cold and Salt Stress on the Accumulation
of Antioxidant Flavonoids in the Leaves of Two Capsicum Cultivars. J. Agric. Food Chem. 2021, 69
(23), 6431-6443. https://doi.org/10.1021/acs.jafc.1c00908.

(2) Heredia, J. B.; Cisneros-Zevallos, L. The Effect of Exogenous Ethylene and Methyl Jasmonate on
Pal Activity, Phenolic Profiles and Antioxidant Capacity of Carrots (Daucus Carota) under Different
Wounding Intensities.  Postharvest  Biol. = Technol. 2009, 51 (2), 242-249.
https://doi.org/10.1016/j.postharvbio.2008.07.001.

18



(3)

(4)

(5)

(6)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

(16)

(17)

Jacobo-Veldzquez, D. A.; Cisneros-Zevallos, L. An Alternative Use of Horticultural Crops: Stressed
Plants as Biofactories of Bioactive Phenolic Compounds. Agriculture 2012, 2 (3), 259-271.
https://doi.org/10.3390/agriculture2030259.

Santana-Galvez, J.; Santacruz, A.; Cisneros-Zevallos, L.; Jacobo-Veldzquez, D. A. Postharvest
Wounding Stress in Horticultural Crops as a Tool for Designing Novel Functional Foods and
Beverages with Enhanced Nutraceutical Content: Carrot Juice as a Case Study. Journal of Food
Science 2019, 84 (5), 1151-1161. https://doi.org/10.1111/1750-3841.14588.

Torres-Contreras, A. M.; Nair, V.; Cisneros-Zevallos, L.; Jacobo-Velazquez, D. A. Plants as
Biofactories: Stress-Induced Production of Chlorogenic Acid Isomers in Potato Tubers as Affected
by Wounding Intensity and Storage Time. Industrial Crops and Products 2014, 62, 61-66.
https://doi.org/10.1016/j.indcrop.2014.08.018.

Viacava, F.; Santana-Gélvez, J.; Heredia-Olea, E.; Pérez-Carrillo, E.; Nair, V.; Cisneros-Zevallos, L.;
Jacobo-Veldzquez, D. A. Sequential Application of Postharvest Wounding Stress and Extrusion as
an Innovative Tool to Increase the Concentration of Free and Bound Phenolics in Carrots. Food
Chemistry 2020, 307, 125551. https://doi.org/10.1016/j.foodchem.2019.125551.

L’offre — endive.fr. https://www.endive.fr/loffre/ (accessed 2023-01-04).

Ivarsson, E.; Liu, H. Y.; Dicksved, J.; Roos, S.; Lindberg, J. E. Impact of Chicory Inclusion in a Cereal-
Based Diet on Digestibility, Organ Size and Faecal Microbiota in Growing Pigs. animal 2012, 6 (7),
1077-1085. https://doi.org/10.1017/51751731111002709.

Chadni, M.; Isidore, E.; Diemer, E.; Ouguir, O.; Brunois, F.; Catteau, R.; Cassan, L.; loannou, I.
Optimization of Extraction Conditions to Improve Chlorogenic Acid Content and Antioxidant
Activity of Extracts from Forced Witloof Chicory Roots. Foods 2022, 11 (9), 1217.
https://doi.org/10.3390/foods11091217.

Twarogowska, A.; Van Poucke, C.; Van Droogenbroeck, B. Upcycling of Belgian Endive (Cichorium
Intybus Var. Foliosum) by-Products. Chemical Composition and Functional Properties of Dietary
Fibre Root Powders. Food Chemistry 2020, 332, 127444,
https://doi.org/10.1016/j.foodchem.2020.127444.

Naveed, M.; Hejazi, V.; Abbas, M.; Kamboh, A. A.; Khan, G. J.; Shumzaid, M.; Ahmad, F.;
Babazadeh, D.; FangFang, X.; Modarresi-Ghazani, F.; WenHua, L.; XiaoHui, Z. Chlorogenic Acid
(CGA): A Pharmacological Review and Call for Further Research. Biomedicine & Pharmacotherapy
2018, 97, 67—74. https://doi.org/10.1016/j.biopha.2017.10.064.

Saénz Rodriguez, T.; Garcia Giménez, D.; de la Puerta Vazquez, R. Choleretic Activity and Biliary
Elimination of Lipids and Bile Acids Induced by an Artichoke Leaf Extract in Rats. Phytomedicine
2002, 9 (8), 687-693. https://doi.org/10.1078/094471102321621278.

TAJIK, N.; TAJIK, M.; MACK, I. et E. N. C. K.; Paul. The Potential Effects of Chlorogenic Acid, the
Main Phenolic Components in Coffee, on Health: A Comprehensive Review of the Literature.
European Journal of Nutrition 2017, 56 (7), 2215 2244.

Upadhyay, R.; Mohan Rao, L. J. An Outlook on Chlorogenic Acids—Occurrence, Chemistry,
Technology, and Biological Activities. Critical Reviews in Food Science and Nutrition 2013, 53 (9),
968—984. https://doi.org/10.1080/10408398.2011.576319.

Becerra-Moreno, A.; Redondo-Gil, M.; Benavides, J.; Nair, V.; Cisneros-Zevallos, L.; Jacobo-
Veldzquez, D. A. Combined Effect of Water Loss and Wounding Stress on Gene Activation of
Metabolic Pathways Associated with Phenolic Biosynthesis in Carrot. Frontiers in Plant Science
2015, 6.

Satata, A.; Lombardo, S.; Pandino, G.; Mauromicale, G.; Buczkowska, H.; Nurzynska-Wierdak, R.
Biomass Yield and Polyphenol Compounds Profile in Globe Artichoke as Affected by Irrigation
Frequency and Drying Temperature. Industrial Crops and Products 2022, 176, 114375.
https://doi.org/10.1016/j.indcrop.2021.114375.

Jacobo-Veldzquez, D. A.; Gonzalez-Agliero, M.; Cisneros-Zevallos, L. Cross-Talk between Signaling
Pathways: The Link between Plant Secondary Metabolite Production and Wounding Stress
Response. Sci Rep 2015, 5 (1), 8608. https://doi.org/10.1038/srep08608.

19



(18)

(19)

(20)

(21)

(22)

(23)

(24)

(25)

(26)

(27)

(28)

(29)

(30)

(31)

(32)

(33)

Gastélum-Estrada, A.; Hurtado-Romero, A.; Santacruz, A.; Cisneros-Zevallos, L.; Jacobo-
Veldzquez, D. A. Sanitizing after Fresh-cutting Carrots Reduces the Wound-induced Accumulation
of Phenolic Antioxidants Compared to Sanitizing before Fresh-cutting. J Sci Food Agric 2020, 100
(13), 4995-4998. https://doi.org/10.1002/jsfa.10555.

Tuan, P.; Kwon, D.; Lee, S.; Arasu, M.; Al-Dhabi, N.; Park, N.; Park, S. Enhancement of Chlorogenic
Acid Production in Hairy Roots of Platycodon Grandiflorum by Over-Expression of An Arabidopsis
Thaliana  Transcription  Factor  AtPAP1. [JMS 2014, 15 (8), 14743-14752.
https://doi.org/10.3390/ijms150814743.

Howles, P. A.; Sewalt, V. J. H.; Paiva, N. L.; Elkind, Y.; Bate, N. J.; Lamb, C.; Dixon, R. A.
Overexpression of L-Phenylalanine Ammonia-Lyase in Transgenic Tobacco Plants Reveals Control
Points for Flux into Phenylpropanoid Biosynthesis. Plant Physiol 1996, 112 (4), 1617-1624.
https://doi.org/10.1104/pp.112.4.1617.

Yoshikawa, M.; Yamaoka, N.; Takeuchi, Y. Elicitors: Their Significance and Primary Modes of
Action in the Induction of Plant Defense Reactions. Plant and Cell Physiology 1993, 34 (8), 1163—
1173. https://doi.org/10.1093/oxfordjournals.pcp.a078537.

Dixon, R.; Paiva, N. Stress-Induced Phenylpropanoid Metabolism. Plant Cell 1995, 7 (7), 1085—
1097.

Lavelli, V.; Caronni, P. Polyphenol Oxidase Activity and Implications on the Quality of
Intermediate Moisture and Dried Apples. Eur Food Res Technol 2010, 231 (1), 93-100.
https://doi.org/10.1007/s00217-010-1256-0.

Li, X.; Wu, X.; Bi, J.; Liu, X.; Li, X.; Guo, C. Polyphenols Accumulation Effects on Surface Color
Variation in Apple Slices Hot Air Drying Process. LWT 2019, 108, 421-428.
https://doi.org/10.1016/j.lwt.2019.03.098.

Madrau, M. A.; Piscopo, A.; Sanguinetti, A. M.; Del Caro, A.; Poiana, M.; Romeo, F. V.; Piga, A.
Effect of Drying Temperature on Polyphenolic Content and Antioxidant Activity of Apricots. Eur
Food Res Technol 2008, 228 (3), 441. https://doi.org/10.1007/s00217-008-0951-6.

Mileti¢, N.; Mitrovi¢, O.; Popovi¢, B.; Nedovié, V.; Zlatkovi¢, B.; Kandié, M. Polyphenolic Content
and Antioxidant Capacity in Fruits of Plum (Prunus Domestica L.) Cultivars “Valjevka” and
“Mildora” as Influenced by Air Drying. Journal of Food Quality 2013, 36 (4), 229-237.
https://doi.org/10.1111/jfq.12035.

Chkhikvishvili, I. D.; Kharebava, G. I. Chicoric and Chlorogenic Acids in Plant Species from Georgia.
2001, 37 (2), 4.

Kulapichitr, F.; Borompichaichartkul, C.; Fang, M.; Suppavorasatit, |.; Cadwallader, K. R. Effect of
Post-Harvest Drying Process on Chlorogenic Acids, Antioxidant Activities and CIE-Lab Color of Thai
Arabica Green Coffee Beans. Food Chemistry 2022, 366, 130504.
https://doi.org/10.1016/j.foodchem.2021.130504.

Rizzo, V.; Clifford, M. N.; Brown, J. E.; Siracusa, L.; Muratore, G. Effects of Processing on the
Polyphenol and Phenolic Acid Content and Antioxidant Capacity of Semi-Dried Cherry Tomatoes
(Lycopersicon Esculentum M.). Journal of the Science of Food and Agriculture 2016, 96 (6), 2040—
2046. https://doi.org/10.1002/jsfa.7315.

El Gharras, H. Polyphenols: Food Sources, Properties and Applications — a Review. International
Journal of Food Science & Technology 2009, 44 (12), 2512-2518. https://doi.org/10.1111/j.1365-
2621.2009.02077 .x.

Singh, S.; Kaur, |.; Kariyat, R. The Multifunctional Roles of Polyphenols in Plant-Herbivore
Interactions. International Journal of Molecular Sciences 2021, 22 (3), 1442.
https://doi.org/10.3390/ijms22031442.

Surjadinata, B. B.; Cisneros-Zevallos, L. Biosynthesis of Phenolic Antioxidants in Carrot Tissue
Increases with Wounding Intensity. Food Chemistry 2012, 134 (2), 615-624.
https://doi.org/10.1016/j.foodchem.2012.01.097.

Jacobo-Velazquez, D. A.; Martinez-Hernandez, G. B.; del C. Rodriguez, S.; Cao, C.-M.; Cisneros-
Zevallos, L. Plants as Biofactories: Physiological Role of Reactive Oxygen Species on the

20



(34)

(35)

(36)

(37)

(38)

(39)

(40)

(41)

(42)

(43)

(44)

(45)

(46)

(47)

(48)

(49)

(50)

Accumulation of Phenolic Antioxidants in Carrot Tissue under Wounding and Hyperoxia Stress. J.
Agric. Food Chem. 2011, 59 (12), 6583—6593. https://doi.org/10.1021/jf2006529.

Diemer, E.; Chadni, M.; Grimi, N.; loannou, |. Optimization of the Accelerated Solvent Extraction
of Caffeoylquinic Acids from Forced Chicory Roots and Antioxidant Activity of the Resulting
Extracts. Foods 2022, 11 (20), 3214. https://doi.org/10.3390/foods11203214.

Chadni, M.; Flourat, A. L.; Reungoat, V.; Mouterde, L. M. M.; Allais, F.; loannou, I. Selective
Extraction of Sinapic Acid Derivatives from Mustard Seed Meal by Acting on pH: Toward a High
Antioxidant Activity Rich Extract. Molecules 2021, 26 (1), 212.
https://doi.org/10.3390/molecules26010212.

Fagerstedt, K. V.; Saranpaa, P.; Tapanila, T.; Immanen, J.; Serra, J. A. A.; Nieminen, K. Determining
the Composition of Lignins in Different Tissues of Silver Birch. 2015, 13.

Sluiter, A.; Hames, B.; Ruiz, R.; Scarlata, C.; Sluiter, J.; Templeton, D.; Crocker, D. Determination
of Structural Carbohydrates and Lignin in Biomass, in: Laboratory Analytical Procedure (LAP).
National Renewable Energy Laboratory 2008.

Moreira, E. A.; Pilon, A. C.; Andrade, L. E.; Lopes, N. P. New Perspectives on Chlorogenic Acid
Accumulation in Harvested Leaf Tissue: Impact on Traditional Medicine Preparations. ACS Omega
2018, 3 (12), 18380-18386. https://doi.org/10.1021/acsomega.8b02409.

Sharma, A.; Shahzad, B.; Rehman, A.; Bhardwaj, R.; Landi, M.; Zheng, B. Response of
Phenylpropanoid Pathway and the Role of Polyphenols in Plants under Abiotic Stress. Molecules
2019, 24 (13), 2452. https://doi.org/10.3390/molecules24132452.

Valifias, M. A.; Lanteri, M. L.; ten Have, A.; Andreu, A. B. Chlorogenic Acid Biosynthesis Appears
Linked with Suberin Production in Potato Tuber ( Solanum Tuberosum ). J. Agric. Food Chem.
2015, 63 (19), 4902-4913. https://doi.org/10.1021/jf505777p.

de la Rosa, L. A.; Moreno-Escamilla, J. O.; Rodrigo-Garcia, J.; Alvarez-Parrilla, E. Chapter 12 -
Phenolic Compounds. In Postharvest Physiology and Biochemistry of Fruits and Vegetables;
Yahia, E. M., Ed.; Woodhead Publishing, 2019; pp 253—-271. https://doi.org/10.1016/B978-0-12-
813278-4.00012-9.

Vanholme, R.; De Meester, B.; Ralph, J.; Boerjan, W. Lignin Biosynthesis and Its Integration into
Metabolism. Current Opinion in Biotechnology 2019, 56, 230-239.
https://doi.org/10.1016/j.copbio.2019.02.018.

Volpi e Silva, N.; Mazzafera, P.; Cesarino, I. Should | Stay or Should | Go: Are Chlorogenic Acids
Mobilized towards Lignin  Biosynthesis?  Phytochemistry 2019, 166, 112063.
https://doi.org/10.1016/j.phytochem.2019.112063.

Croguennec, T. Enzymatic Browning. In Handbook of Food Science and Technology 1; Jeantet, R.,
Croguennec, T., Schuck, P., Brulé, G., Eds.; John Wiley & Sons, Inc.: Hoboken, NJ, USA, 2016; pp
159-181. https://doi.org/10.1002/9781119268659.ché6.

Monsalve G., A.; Powers, J. R.; Leung, H. K. Browning of Dehydroascorbic Acid and Chlorogenic
Acid as a Function of Water Activity. Journal of Food Science 1990, 55 (5), 1425-1428.
https://doi.org/10.1111/j.1365-2621.1990.tb03950.x.

Wildermuth, S. R.; Young, E. E.; Were, L. M. Chlorogenic Acid Oxidation and Its Reaction with
Sunflower Proteins to Form Green-Colored Complexes. Comprehensive Reviews in Food Science
and Food Safety 2016, 15 (5), 829-843. https://doi.org/10.1111/1541-4337.12213.

Stokle, K.; Jung, D.; Kruse, A. Acid-Assisted Extraction and Hydrolysis of Inulin from Chicory Roots
to Obtain Fructose-Enriched Extracts. Biomass Conv. Bioref. 2020.
https://doi.org/10.1007/s13399-020-01108-y.

Glagoleva, A. Y.; Shoeva, O. Y.; Khlestkina, E. K. Melanin Pigment in Plants: Current Knowledge
and Future Perspectives. Frontiers in Plant Science 2020, 11.

Weber, F.; Engelke, G. H.; Schieber, A. Structure Elucidation and Tentative Formation Pathway of
a Red Colored Enzymatic Oxidation Product of Caffeic Acid. Food Chemistry 2019, 297, 124932.
https://doi.org/10.1016/j.foodchem.2019.05.206.

Saltveit, M. Pinking of Lettuce. Postharvest Biology and Technology 2018, 145, 41-52.
https://doi.org/10.1016/j.postharvbio.2018.06.001.

21



(51)

(52)

(53)

(54)

(55)

(56)

Moglia, A.; Menin, B.; Beekwilder, J. Globe Artichoke Callus as an Alternative System for the
Production of Dicaffeoylquinic Acids. In Vii International Symposium on in Vitro Culture and
Horticultural Breeding; Geelen, D., Ed.; Int Soc Horticultural Science: Leuven 1, 2012; Vol. 961, pp
261-265.

Cisneros-Zevallos, L. The Use of Controlled Postharvest Abiotic Stresses as a Tool for Enhancing
the Nutraceutical Content and Adding-Value of Fresh Fruits and Vegetables. Journal of Food
Science 2003, 68 (5), 1560—-1565. https://doi.org/10.1111/j.1365-2621.2003.tb12291 .x.
Torres-Contreras, A. M.; Jacobo-Veldzquez, D. A. Effects of Wounding Stress and Storage
Temperature on the Accumulation of Chlorogenic Acid Isomers in Potatoes (Solanum
Tuberosum). Applied Sciences 2021, 11 (19), 8891. https://doi.org/10.3390/app11198891.
Moglia, A.; Lanteri, S.; Comino, C.; Hill, L.; Knevitt, D.; Cagliero, C.; Rubiolo, P.; Bornemann, S.;
Martin, C. Dual Catalytic Activity of Hydroxycinnamoyl-Coenzyme A Quinate Transferase from
Tomato Allows It to Moonlight in the Synthesis of Both Mono- and Dicaffeoylquinic Acids. Plant
Physiol 2014, 166 (4), 1777-1787. https://doi.org/10.1104/pp.114.251371.

Lewicki, P. P.; Pawlak, G. Effect of Drying on Microstructure of Plant Tissue. Drying Technology
2003, 21 (4), 657-683. https://doi.org/10.1081/DRT-120019057.

Sdnchez-Rangel, J. C.; Benavides, J.; Jacobo-Veldazquez, D. A. Abiotic Stress Based Bioprocesses
for the Production of High Value Antioxidant Phenolic Compound in Plants: An Overview. Revista
mexicana de ingenieria quimica 2014, 13 (1), 49-61.

22



