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A B S T R A C T   

Potential prebiotic effect of globe artichoke by-product (Cynara cardunculus L.) was evaluated in vitro. Repre
sentative lactic acid bacteria from human colon, like Lactobacillus acidophilus and Bifidobacterium bifidum, were 
incubated up to 96 h with artichoke by-product versus sucrose control. Low molecular weight carbohydrates 
(6.14% dw) in raw artichoke by-product were extracted with ethanol. Fermentability was evaluated by moni
toring growth, pH, short chain fatty acids (SCFAs) and lactic acid production. Maximum growth of L. acidophilus 
differed on both substrates but B. bifidum exhibited a similar growth pattern. Artichoke by-product provided a 
higher growth than control for both bacteria. Release of total SCFAs was also significantly higher on artichoke 
by-product than on the control in both bacterial cultures. Nonetheless, no clear pH reduction was found in 
culture medium for artichoke by-product batches. Lactic acid content in L. acidophilus culture was remarkably 
higher on control (6.6-fold) than on artichoke by-product. Non-fermented residue of artichoke by-product was 
56.2% and 41.8% for L. acidophilus and B. bifidum, respectively. Artichoke by-product shows a potential prebiotic 
effect under the assayed conditions. The use of valuable bio-resources, like artichoke by-product, is another step 
ahead on waste management and reduction of the main residues from the agro-food industry.   

1. Introduction 

Nowadays, in a growing world population, there is an increase in the 
demand for food, together with a change in eating habits and specifically 
of healthy foods. Therefore, it is necessary to get the most out of food. 
Zero hunger and importance of reducing food loss and waste are re
flected in the goals 2 and 12 of the United Nations 2030 Agenda for 
Sustainable Development (UN, 2015). Losses in fruits and vegetables are 
greater than in other foods as cereal and legumes (FAO, 2019). 

Globe artichoke (Cynara cardunculus L. (formerly Cynara scolymus L.) 
is a Mediterranean area plant, Italy and Spain being the main producing 
countries. In Spain, Murcia in the southeast is the main producing region 
where the predominant variety is “Blanca de Tudela”. 

The positive medicinal effects attributed to artichoke such as hep
atoprotection, antioxidant, antimicrobial and anticholesterol among 
others are well known (Gebhardt, 2001; Gostin & Waisundara, 2019; 
Lattanzio, Kroon, Linsalata, & Cardinali, 2009). Except water, the main 
components of artichokes are carbohydrates (inulin, FOS and dietary 
fibre). Artichoke is widely used as dietary food due to its high fibre 
content, low calorie and minimal fat content. In addition, its important 

levels of essential minerals (potassium, sodium and magnesium), the 
presence of vitamins (C, B3 and E) and minor compounds (sterols and 
cynarin) provide beneficial health properties (FEN, 2015). 

The edible part of artichoke plant is the capitulum or head, which 
approximately accounts for the 30% of its fresh weight (Lattanzio et al., 
2009). The central part of the capitulum, the heart or core, is the most 
consumed of the artichoke. Thus, artichoke by-products are mainly 
composed by outer bracts, stalks and leaves (approx. 70% of its fresh 
weight). 

The artichoke is destined for the fresh market, although it is mainly 
processed industrially (frozen, cooked and canned). The canning in
dustry represents 70% of artichoke processed in Spain. This industry 
generates large amounts of artichoke by-products (bracts, stalks and 
leaves). Moreover, these by-products are perishable due to their high 
water content. Part of this waste is used for animal feeding after ensi
lage, but the remainder is generally discarded. 

Nevertheless, artichoke by-products can be a valuable source of 
bioactive compounds with nutraceuticals properties. In the same way as 
heart of artichoke does, its by-products can provide inulin, phenolic 
compounds and pectins among other beneficial compounds (Llorach, 
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Espín, Tomás-Barberán, & Ferreres, 2002; Sabater, Sabater, Olano, 
Montilla, & Corzo, 2020). For this reason, artichoke by-products could 
be used as “ingredient” in food additives, food supplements and 
nutraceuticals. 

Other vegetable by-products from onion (Campone et al., 2018) and 
olive oil production (Gullón et al., 2020) are already used to obtain 
bioactive compounds. 

The edible part of artichoke is well physico-chemically character
ized. Several studies show the antioxidant capacity due to phenolic 
compounds such as cynarin (1,5-dicaffeoylquinic acid) and chlorogenic 
acid (5-caffeoylquinic acid) (Claus et al., 2015; Llorach et al., 2002; 
Moglia et al., 2008). 

There are few studies related to artichoke waste, focusing mainly on 
phenolic compounds. Phenolic contents in bracts have been reported 
(Llorach et al., 2002; Negro et al., 2012; Pandino, Lombardo, Maur
omicale, & Williamson, 2011; Zuorro, Maffei, & Lavecchia, 2016), in 
whole artichoke waste and its antioxidant capacity on Caco2-cells 
(Jiménez-Moreno et al., 2019); caffeoylquinic acid and inositols 
(Mena-García, Rodríguez-Sánchez, Ruiz-Matute, & Sanz, 2020). In 
addition, studies on artichoke by-products used as a source of dietary 
fibre (Femenia, Robertson, Waldron, & Selvendran, 1998) and specif
ically due to its inulin content (Castellino et al., 2020; Cavini et al., 
2020; López-Molina et al., 2005; Ruiz-Cano et al., 2014) have been 
carried out. 

Inulin is after starch, the most abundant storage carbohydrate in 
plants. It is classified as fructans, and it is formed by chains of D-fructose 
units linked via β-(2,1) glycosidic bonds with a terminal glucose. Inulin 
is indigestible by enzymes due to the β-(2,1) linkage which gives its 
prebiotic character. Therefore, it reaches the colon without alteration 
where the microbiota can ferment it (Apolinário et al., 2014). Colon 
metabolism is of great importance in human physiology (Meyer & 
Stasse-Wolthuis, 2009). Moreover, the colon microbiota is very hetero
geneous, with more than 500 different species and a great interpersonal 
variability (Pham, Lemberg, & Day, 2008). However, it is assumed that 
the predominance of lactobacilli and bifidobacteria is related with a 
good health. Inulin and fructo-oligosaccharides (FOS, prebiotics) are 
preferred fermentation substrates for these beneficial bacteria. Positive 
effects of their growth are pH reduction and release of short chain fatty 
acids (SCFAs) in the gut. Acetic, propionic and butyric are the most 
common SCFAs produced but there are also other minor SCFAs released 
during fermentation; lactic acid bacteria also produce lactic acid. 

Beneficial properties are attributed to SFCAs such as antioxidant, 
anti-inflammatory, antimicrobial, antiallergic, and inhibition of the 
growth of cancerous colonocytes (Tingirikari, 2018). Among other parts 
of artichoke waste, the outer bracts contain inulin (Lattanzio et al., 
2009). 

Briefly, there are very few studies investigating about the ferment
ability of artichoke by-products (López-Molina et al., 2005; Van den 
Abbeele et al., 2020; Zeaiter et al., 2019). For this reason, the main 
objective of this work was to evaluate the potential prebiotic effect of 
globe artichoke by-product by in vitro fermentability studies with pure 
cultures of Lactobacillus acidophilus and Bifidobacterium bifidum. The use 
of artichoke by-products can also add value to the production of this 
vegetable and reduce the environmental impact of waste accumulation. 

2. Material and methods 

2.1. Raw material 

Globe artichoke (Cynara cardunculus) var. Blanca de Tudela 
(formerly Cynara scolymus L.) was kindly provided by “Alcachofas de 
España” (Murcia, Spain). Raw artichoke by-product was composed by 
the outer bracts, stalks, leaves and the upper part of inflorescence 
(approximately 3 cm). After cutting in small pieces and freeze-drying, 
the artichoke by-product was milled to a particle size of less than 0.5 
mm and stored for further use in a dry container at room temperature 

and protected from direct light. 

2.2. Alcohol insoluble residue preparation 

The powder of artichoke by-product was extracted (3% w/v) with 
ethanol (85% v/v) (Panreac, Darmstadt, Germany). Ten milliliter was 
collected (in triplicate), supernatant and residue were separated by 
centrifugation at 2,300×g, for 10 min (Centronic-S-577, PSelecta). The 
alcohol insoluble residue was oven dried at 60 ◦C and stored until 
analysis at room temperature. Powdered alcohol insoluble residue (AIR) 
from artichoke by-product was used for the fermentability assays. 

2.3. Low molecular weight carbohydrates 

The supernatant (alcohol soluble fraction) described above was 
collected, rotatory evaporated at 50 ◦C to dryness to remove ethanol and 
then suspended in ultrapure water (MilliQ Millipore Corp., Bedford, MA) 
to give a final concentration of 2 mg/mL. The water-soluble extract was 
filtered through 0.45 μm cellulose acetate syringe filters. Afterwards, 
low molecular weight carbohydrates (LMWC) were identified and 
quantified by HPLC-ELSD (Condezo-Hoyos, Pérez-López, & Rupérez, 
2015). Commercial standard of inulin from chicory root was obtained 
from Sigma-Aldrich Chemicals (Alcobendas, Madrid, Spain), glucose, 
fructose and sucrose were of analytical grade (Panreac, Darmstadt, 
Germany). 

2.4. Fermentation of artichoke-by product 

2.4.1. Bacterial strains 
Lactobacillus acidophilus (CECT 903) (Colección Española de Cultivos 

Tipo, Universidad de Valencia, Valencia, Spain, http://www.uv.es/cect 
/) and Bifidobacterium bifidum (DSMZ 20215) (Deutsche Sammlung von 
Mikroorganismen und Zeellkulturen, Braunschweig, Germany) were 
maintained as stock cultures on Man Rogosa and Sharpe (MRS) broth 
(Merck-Millipore, Darmstadt, Germany) on 20% of glycerol (Panreac, 
Darmstadt, Germany) and MRS broth with 20% of glycerol and 0.05% 
HCl-cysteine (Panreac, Darmstadt, Germany) respectively, at − 80 ◦C for 
long-term storage. 

2.4.2. Preparation of inoculum 
An aliquot of the strain stock cultures was grown in 10 mL of MRS 

broth for L. acidophilus and 10 mL of MRS supplemented with 0.05% of 
cysteine for B. bifidum. Both bacteria were incubated at 37 ◦C for 48 h. 
Anaerobic jars with Anaerocult®A mini system (Merck Millipore, 
Darmstadt, Germany) were used for B. bifidum. 

To standardize the inoculum, serial dilutions were made in 9 mL of 
Buffered Peptone Water, BPW (Panreac, Darmstadt, Germany), sowing 
in MRS Agar (L. acidophilus) and MRS cysteine-Agar (B. bifidum). 

2.4.3. Culture medium 
The culture medium for both bacteria was Bifidobacterium sp. me

dium (152 CECT). It was composed by casein peptone, meat extract, 
yeast extract, Tween® 80, sodium ascorbate, K2HPO4 and HCl-cysteine. 
All chemicals were purchased from Panreac (Darmstadt, Germany). The 
carbon source was 1% of sucrose in control batch and 1% of globe 
artichoke by-product in artichoke batch. 

Five flasks for each batch were prepared with a culture medium 
volume of 40 mL and autoclaved at 121 ◦C for 15 min. After cooling to 
room temperature, a sterilized solution of 1% sodium ascorbate and 
0.05% HCl-cysteine was added to the medium under sterile conditions 
and the inocula (with a final concentration of 104 colony-forming units, 
CFU/mL), being 50 mL the final volume in each flask. Two blank flasks 
were prepared under the same conditions without addition of inocula. 

2.4.4. Fermentability assay 
The incubation was carried out at 37 ◦C, in aerobic conditions for 
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L. acidophilus and in anaerobic jars with Anaerocult® A mini system for 
B. bifidum. Incubation was kept for 12, 24, 48, 72 and 96 h for both 
microorganisms. 

One mL-aliquot from each flask was collected aseptically in duplicate 
for each incubation time. 

Serial dilutions of aliquots were prepared in BPW and spread onto 
the surface of a MRS-agar Petri dish for L. acidophilus and a MRS-agar 
with HCl-cysteine Petri dish for B. bifidum. These Petri dishes were 
incubated under the same conditions used for inoculum. Then, the col
onies were counted to determine the number of CFU/mL. 

The flasks of artichoke by-product corresponding to 72 and 96 h were 
sown on the surface in agar Bifidobacterium sp. modified where the 
carbon source was replaced by the artichoke by-product. After that, they 
were incubated under the conditions described above to confirm the 
degree of growth and morphology of the colonies. 

After incubation, pictures of individual colonies were taken with an 
Optika camera model Optikam B5 coupled to an optical stereomicro
scope Leica S8APO. 

The fermentation was followed by measuring: pH of culture medium, 
substrate consumption, short-chain fatty acids (SCFAs) production by 
gas chromatography (GC) and lactic acid production by ion chroma
tography (IC). Samples were kept at − 20 ◦C until analysis. 

2.5. Measurement of pH 

The pH was measured in culture medium with pH test strips (Pan
reac, Darmstadt, Germany). 

2.6. Determination of short chain fatty acids 

An aliquot of sample (0.4 mL) with 0.1 mL of methyl valeric acid 
(Sigma Aldrich, St. Louis, USA) as internal standard (394 μM) was 
acidified with 0.3 mL of phosphoric acid (0.5%). Fatty acid standards 
were prepared under the same conditions and the extraction of SFCA 
was carried out with 0.7 mL of n-butanol (García-Villalba et al., 2012). 

One microlitre of organic phase was injected in split less mode in a 
gas chromatograph Agilent 6890A (Agilent Technologies, Palo Alto, CA, 
USA) equipped with a flame ionization detector. SCFAs were separated 
using a DB-WAXtr polyethylene glycol capillary column (60 m length, 
0.325 mm i.d. x 0.25 μm film thickness; Agilent Technologies, Palo Alto, 
CA, USA). The injector and detector temperatures were 250 ◦C and 
260 ◦C respectively. The oven temperature was set initially at 50 ◦C and 
held for 2 min, then raised to 150 ◦C at a rate of 15 ◦C/min, to 200 ◦C at a 
rate of 5 ◦C/min, to 240 ◦C at a rate of 15 ◦C/min and held for 20 min. 
Helium was the carrier gas at a flow rate of 1.5 mL/min. Individual short 
chain fatty acids were identified on the basis of their retention times 
using FAMQ-4 Certified Reference Material (AccuStandard Inc, New 
Haven, USA) and quantified with WSFA-2 Mix Supelco Standards of 
fatty acids (Sigma Aldrich, St. Louis, USA). 

2.7. Determination of lactic acid 

Samples from L. acidophilus and B. bifidum culture media were 
diluted with ultrapure H2O (MilliQ). Lactic acid (as lactate anion) was 
analyzed by ion chromatography on a Metrohm Advanced Compact 
equipment with a conductivity detector (Metrohm AG, Switzerland). 
Sample (20 μL) was injected and the separation was performed on a 
Metrosep Organic Acids column (250 mm length, 4 mm i.d., 5 μm par
ticle size; Metrohm AG, Switzerland) with 0.5 mM sulphuric acid/15% 
acetone as mobile phase at a flow rate of 0.5 mL/min. Quantification of 
lactate was carried out with a calibration curve (5–500 μg/mL) of 
standard Sodium L-Lactate (Sigma Aldrich, St. Louis, USA). 

2.8. Substrate consumption 

The content of each flask was centrifuged at 2,300×g for 15 min at 

4 ◦C (Centronic-S-577, PSelecta). After removing of supernatant, the 
pellet was freeze-dried and determined gravimetrically. 

2.9. Statistical treatment 

Results were expressed as the mean values followed by the standard 
deviation (SD) of at least three replicates. Statistical analyses were 
performed using Statgraphics Centurion XVIII (Herndon, VA, USA). 
Analysis of variance (ANOVA) and the least significant difference (LSD) 
test were applied to determine differences between means. Differences 
among samples throughout incubation time were evaluated. Differences 
were considered to be significant at p < 0.05. 

3. Results and discussion 

Raw by-product was formed by the outer bracts and leaves of globe 
artichoke, which major component is dietary fibre (63.19 ± 0.78 g/100 
g, dry matter), and more specifically insoluble dietary fibre (51.59 ±
2.59 g/100 g, d.m.) (Giambra, 2017). 

Our preliminary results showed that there was no microbial growth 
when raw globe artichoke by-product was used as substrate for Lacto
bacillus acidophilus. This fact could be possibly attributed to antimicro
bial compounds present in raw artichoke material (El Sohaimy, 2014; 
Falleh et al., 2008). Furthermore, there are also studies that attribute to 
artichoke extracts antifungal, anti-VIH and antigenotoxic effects (Mia
dokova et al., 2008; Zhu, Zhang, & Lo, 2005). 

Therefore, to study the potential prebiotic effect of artichoke by- 
product, soluble sugars, polyphenols and pigments were first removed 
by ethanolic extraction to obtain the alcohol insoluble residue. It is well 
known that the alcohol insoluble residue from agro-food waste is rich in 
dietary fibre. The supernatant of AIR from artichoke by-product con
tained a 6.14% of low molecular weight carbohydrates (LMWC) glucose 
and fructose being the main carbohydrates (Table 1). Regarding glucose, 
levels are in agreement with the characterization of LMWC in artichoke 
by-product obtained by Villanueva-Suárez and co-workers (Villanue
va-Suárez, Mateos-Aparicio, Pérez-Cózar, Yokoyama, & 
Redondo-Cuenca, 2019). Furthermore, similar contents of reducing 
sugars were found by Zeaiter and colleagues with an ultrasound 
extraction combined with ethanol precipitation of artichoke by-product 
from Cynara scolymus, although reported inulin content was higher than 
in the present study (Zeaiter et al., 2019). This difference could be 
attributed to different subspecies of Cynara artichoke used, plant parts 
composing artichoke by-product, harvest season and geographical 
origin of artichoke, among others. 

3.1. In vitro fermentability assay 

Regarding in vitro fermentability assays, Lactobacillus acidophilus and 
Bifidobacterium bifidum showed a different behaviour in both, control 
and sample batches (Fig. 1). 

In sucrose control batch, colony formation units of L. acidophilus 
showed a sharp increase with a maximum at 48 h and, and then a 
decrease at the same rate. However, L. acidophilus grew gradually on 
artichoke by-product culture from the beginning, without showing a 

Table 1 
Low molecular weight carbohydrates determined by HPLC in aqueous-soluble 
extracts of artichoke by-product.  

AIR (3% w:v) 
aqueous extracts 

LMWC (g/100 g dw) 
Glucose Fructose Sucrose Inulin Total 

(%) 
2.87 ±
0.16 

2.23 ±
0.09 

0.98 ±
0.05 

0.05 ±
0.01 

6.14 

Mean values ± SD (n = 3). 
AIR: alcohol insoluble residue. 
LMWC: Low molecular weight carbohydrates. 
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Fig. 1. In vitro fermentability of sucrose and globe artichoke by-product by pure cultures of Lactobacillus acidophilus (1A) and Bifidobacterium bifidum (1B).  

Fig. 2. Pictures of Lactobacillus acidophilus colonies grown on MRS for 72 h. (a) MRS with L.a grown on sucrose (magnification 1.25x). (b) MRS with L.a grown on 
artichoke by-product (magnification 1.25x). 

F. Holgado et al.                                                                                                                                                                                                                                



Bioactive Carbohydrates and Dietary Fibre 26 (2021) 100286

5

pronounced maximum over the incubation times studied (Fig. 1A). Su
crose and higher molecular weight FOS are preferred substrates for 
lactobacilli genera (Gänzle & Follador, 2012). 

The growth of B. bifidum was similar in both control and sample 
batches (Fig. 1B). Colonies developed gradually until 24 h and reached a 
plateau, in artichoke by-product being higher throughout all assay. 
However, at the end of incubation (96 h) there was a pronounced 
decrease in sucrose batch, approximately two log CFU/mL lower than in 
artichoke by-product. 

Both bacteria grew on artichoke by-product as carbon source. The 
difference in growth pattern can be attributed to different carbohydrate 
metabolism by both microorganisms. 

Meanwhile sugar metabolism in Lactobacillus acidophilus is mainly 
carried out by intracellular enzymes, in Bifidobacterium bifidum this 
metabolism is related with an extracellular hydrolysis linked to trans
port of complex carbohydrates (Gänzle & Follador, 2012). 

The present study over 96 h allowed verifying the growth of each 
bacterium under its optimal conditions (aerobic or anaerobic). Despite 
not having excessively high inulin content, inulin and the contribution 
of FOS confer prebiotic character to artichoke by-product. These results 
agree with the study commented above, after incubation of L. acidophilus 
and B. bifidum with artichoke by-product for 48, the last one grown 
under anaerobic conditions (Zeaiter et al., 2019). The bifidogenic effect 
of aqueous extracts from the edible part of artichoke has also been found 
on an in vitro gut model based on the Simulator of Human Intestinal 
Microbial Ecosystem (SHIME®) (Van den Abbeele et al., 2020). The 
bifidogenic effect of very-long-chain inulin extracted from globe arti
choke has been shown in vivo (Costabile et al., 2010). 

The morphology of both bacteria was also different on agar plates. 
Colonies of L. acidophilus were flat, rough, with irregular edges, star-like, 
cotton-fluffy appearance and white colour (Fig. 2A and B). B. bifidum 
developed smooth, convex, glistening colonies with entire edges, soft 
consistency and cream to white colour (Fig. 3A and B). 

For each particular bacterium, L. acidophilus or B. bifidum, no dif
ferences were found in their colony morphology or size when they were 
grown either on sucrose or artichoke - MRS media on agar plates. 

3.2. Short chain fatty acids 

Acetic, butyric and propionic acids are the most abundant SCFAs in 
the gut (Cummings, 1981). Tables 2 and 3 show the contents of these 
end-products of fermentation for each bacterium. 

Regarding L. acidophilus, in sucrose control batch the content of 
SCFAs increased significantly over incubation time, being at 12 h 2-fold 
higher than initial content. The production of SCFAs increased contin
uously up to 48 h, thus a marked pH reduction was observed. The release 
of SFCAs reduces pH inside the colon; therefore, it improves the solu
bility of ions as calcium which reabsorption is related with bone benefit 
(Flint, Scott, Louis, & Duncan, 2012). 

This increase in total SFCAs was exclusively due to significant for
mation of acetic acid. As it was expected, acetic acid was the main SCFA 
produced in L. acidophilus fermentation. Therefore, the molar ratio of 
acetic and propionic acids increased throughout the experiment, espe
cially every 24 h (Table 2). 

The artichoke batch initially showed a significantly higher SCFAs 
content than sucrose batch. The development of SCFAs was also signif
icantly higher, although it was not reflected in a drastic pH reduction. 
The ratio of acetic and butyric acid increased 25-fold at the end of 
experiment. 

The formation of SFCAs in L. acidophilus culture was evaluated up to 
72 h, because at this time a high bacterial growth was not observed in 
both batches. The pictures of L. acidophilus colonies shown in Fig. 2 
correspond to this incubation time. 

The development of SCFAs in B. bifidum cultured on sucrose was 
higher than L. acidophilus from 24 h (being at 72 h the ratio of acetic: 
propionic: butyric acid 37:1:3 vs 71:1:3 in L. acidophilus and B. bifidum 
sucrose batches, respectively). As commented above, acetic acid was the 
major SCFA, although in this sample butyric and propionic acids also 
increased significantly. In spite of a marked increase of acetic acid at 96 
h, it was not reflected in a strong reduction of culture pH. Regarding 
artichoke batch, it was also an excellent substrate for in vitro fermen
tation by B. bifidum. Total SCFAs content was higher in artichoke batch 
than in sucrose batch for B. bifidum as observed for L. acidophilus culture, 
except at 96 h. However, a similar ratio of acetic and butyric acid was 
reached at the end of the experiment, regarding that observed for 
L. acidophilus (26-fold). 

The production of SCFAs by intestinal bacteria is desirable to 
maintain an adequate colon function and they are a source of energy for 
the host supporting approximately 10% of energy requirement when 
they are absorbed in the colon (Flint et al., 2012). Moreover, these 
organic acids that connect the microbiome with the immune system to 
maintain homeostasis and their production are also related to the 
expression of peptides and hormones (Sleeth, Thompson, Ford, Var
ghese, & Frost, 2010; Tingirikari, 2018). 

3.3. pH 

Artichoke batches of both bacteria did not show a significant 
decrease of pH (Tables 2 and 3). This behaviour is also found in a 
commercial extract from artichoke inflorescences (Van den Abbeele 
et al., 2020). Although there was only a slight reduction of pH by the 
production of SCFAs, it could limit the development of potentially 
pathogenic microorganisms. Previous results of our group with soybean 
Okara showed that substrate fermentability is not always accompanied 
by pH decrease (Espinosa-Martos & Rupérez, 2009a). Furthermore, the 
reduction of pH is a good fermentability marker when it is associated 
with the SCFAs production, but in some plant fibres (for example soy
bean fibre), both parameters are not apparently related; therefore, 

Fig. 3. Pictures of Bifidobacterium bifidum colonies grown on MRS for 96 h. (a) MRS with B.b grown on sucrose (magnification 1x). (b) MRS with B.b grown on 
artichoke by-product (magnification 1x). 
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fermentability should not only be evaluated by the pH reduction or 
SCFAs production, but also by the substrate consumed (Espinosa-Martos 
& Rupérez, 2009a, 2009b). 

3.4. Lactic acid 

Lactic acid produced was analyzed in L. acidophilus and B. bifidum 
over fermentation time (Table 4). Lactic acid can be substrate for other 
intestinal microbiota species and it can be degraded to short-chain fatty 
acids as propionic and butyric. Butyric acid is well known for its high 
anticarcinogenic potential (Commane, Hughes, Shortt, & Rowlan, 
2005). The lactic acid content produced by both bacteria was very 
different. Regarding L. acidophilus culture, sucrose control showed a 
significantly higher content than artichoke sample at 24 h, and reached 
contents of 61 mM at 72 h. This increase in sucrose batch was 20-fold 
higher from 24 to 48 h, coinciding with the maximum growth of the 
colonies (Fig. 1A). However, the progression of lactate production on 
artichoke by-product was much slower than on sucrose control at 72 h 
and reached 9 mM vs 61 mM, respectively. 

On the other hand, B. bifidum culture showed lower contents of lactic 
acid than L. acidophilus on both substrates. No significant differences 
were observed between substrates for the same incubation time, except 
for 24 h and 72 h. In addition, the maximum content of lactic acid was 
similar for both batches (2.76 vs 2.86 mM in sucrose and artichoke, 
respectively). Bifidobacteria can produce lactic acid to a lesser or greater 
extent depending on the specific gender and strain selected. Low or no 
lactic acid production is reported previously for other strains of 
B. bifidum different from the one used in this work (Scalabrini, Rossi, 
Spettoli, & Matteuzzi, 1998; Espinosa-Martos & Rupérez, 2009a). 

3.5. Substrate consumption 

The gravimetric determination of non-fermented insoluble residue in 
artichoke batch at 72 h was 56.2% and 41.8% for L. acidophilus and 
B. bifidum, respectively. Thus, artichoke by-product was consumed 
almost in half. The artichoke by-product consumption by both bacteria 
implies the bifidogenic capacity of artichoke-by product. 

The present study is a first approach to the re-use of artichoke by- 
product as prebiotic. After further research, it could be considered as 
ingredient in foods, food supplements and nutraceuticals. 

4. Conclusions 

The artichoke by-product supported growth and was fermented in 
vitro by Lactobacillus acidophillus and Bifidobacterium bifidum, suggesting 
its potential prebiotic effect. This bifidogenic capacity has been shown 
by substrate consumption, bacterial growth, and production of short 
chain fatty acids and lactic acid. Valorisation of artichoke by-product 
could increase the benefit of its production process, minimize its 

environmental impact and favour circular economy. 
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