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Historical excursus on the «leavening» of baked goods
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“Tacuini Sanitatis 
among the six elements needed 
to keep daily wellness… foods 
and beverages… “
“…White bread: it improves 
the wellness but it must be 
completely fermented …“(XI 
century, Codex 4182, 
Biblioteca Casanatense Rome)

“The leavened (sourdough) 
breads 
give strength to the body” 
(Pliny the Elder G, 23/24-79 
A.D.)

“Pasteur et la révolution 
pastorienne (1822 – 1895) 
Salomon-Bayet, Claire 
Edité par Payot, 1986”

“Middle Age (1600): dawn of 
the use of 
baker’s yeast for bread (e.g., 
Pain mollet)”
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(Source: Web of Science)

Nutrition 
and 

sourdough

Pu
b
li
ca

ti
on

s/
Y

e
ar

0

2

4

6

8

10

12

14

16

18

Department of Soil, Plant and Food Science, University of Bari Aldo Moro, Italy



Department of Soil, Plant and Food Science, University of Bari Aldo Moro, Italy

Beta-glucans

…and minerals

Fibers

For instance … the Italian market
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alkalineProtein

oligopeptides ATP
amino acids

biosynthesis

H+

Amino acids

How may sourdough lactic acid bacteria contribute to
nutritional value?

Proteins

glycosyl hydrolases

Precursor Functional derivatives 

Synthesis of functional compounds
Phenols

Endogenous
enzymes

Catabolism of
amino acids
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The sourdough fermentation may affect the
nutritional/functional features of leavened baked goods
through:

Pre-treatment of raw materials (e.g., bran and wheat germ)

Modification/increase of the bio-availability of dietary fibres,

minerals and vitamins

Decrease of glycaemic index/response

Synthesis of bioactive peptides and amino acid derivatives

Synthesis/liberation of antioxidant compounds

Bio-preservation

Decrease/elimination of the intolerance/sensitivity to gluten
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Pre-treatment of bran

Changes on the quality of dietary fibre and bio-availability of

phytochemicals (Broekaert et al. 2011, Crit Rev Food Sci Nutr 51:178)

Improved sensory and structure (e.g., loaf volume and crumb

softness) characteristics (Katina et al. 2006, LWT Food Sci Technol 16:104; Katina et

al. 2007, Food Microbiol 24:175)
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Pre-treatment of wheat germ

 α-Tocopherol
 Vitamins B
 Dietary fibre
 Minerals
 Proteins
 Phytochemicals (flavonoids, 

sterols,…)
 Unsatured fatty acids

Antinutritional factors
 Raffinose
 Phytic acid
 Wheat germ agglutinin

GERM
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Pre-treatment of wheat germ

Lipase activity ca. 2.6-fold lower than that found in
raw wheat germ

Sourdough fermentation

(selected, autochthonous lactic acid bacteria)

After 40 days of storage, a very low concentration of
hexanal and other markers of lipid oxidation were
found in fermented wheat germ (SPME analysis)

Rizzello et al., 2010 Eur Food Res Technol 230:645
Rizzello et al., 2010 Food Chem 119:1079
Rizzello et al., 2011 Food Chem 127:952

Specific volume + 16-18%

SFWG as ingredient for bread making

(4%, replacement of wheat flour)

Improving of textural properties/
firmness delay:

Lipase activity

Sourdough 
fermentation

Triglycerides
Lipase

Fatty acids Oxidation

pH 5.6

5.0

4.2

Lipase
Oxidation

InhibitionEndogenous 
lipase
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Sourdough fermentation

5.6

5.0

4.2

Grain endogenous 
phytase Activation

Microbial phytases
(lactic acid bacteria and yeasts)

Phytase

EC 3.1.3.8
EC 3.1.3.26

• Inorganic phytate;

• Myo-inositol phosphate esters;

• Free minerals (e.g., Fe3+, Zn2+, Ca2+)

• Proteins, peptides, amino acids

Modification/increase of the bio-availability of dietary 
fibres, minerals and vitamins 

Phytic acid Phytic acid chelate Gobbetti et al., 2014, Food Microbiol, 1-11
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Decrease of glycaemic index/response

Sourdough fermentation, possibly combined with the addition of

soluble fibre, is an effective tool to decrease glycaemic index (GI)

and insulin index (II) (Liljeberg et al. 1995; Juntunen et al. 2003; De Angelis et al.,

2006; 2009; Fardet et al. 2006; Maioli et al. 2009; Najjar et al. 2009)

Not all the sourdoughs impact on GI/II (Hardman Fredensborg et al. 2010)
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Decrease of glycaemic index/response

De Angelis et al., 2007 British J Nutr, 98: 1196-1205

IG = 100%

IG = 72%

IG = 53.7%  Sourdough bread

Glucose (control)

Baker’s yeast bread
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Hypotheses to explain the effect of sourdough
fermentation

Synthesis of organic acids, especially lactic acid (Liljeberg et al. 1995, J

Nutr 125:1503; Liljeberg et al. 1998, Eur J Clin Nutr 52:368)

Low pH (Burton and Lightowler 2006, Br J Nutr 96:877)

Chemical changes (Östman 2003, PhD Thesis Lund University)

Liberation of peptides and amino acids, and free phenolic compounds
(Nilsson et al. 2007, Am J Clin Nutr 85:996; Katina et al. 2007, Food Microbiol 24:175)
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Bioactive peptides

Bioactive or biogenic peptides are defined as specific protein 

fragments that have a positive impact on the body function or 

condition, and may, ultimately, influence the human health

(Kits et al. 2003, Curr Pharm Des 9:1309) 

Department of Soil, Plant and Food Science, University of Bari Aldo Moro, Italy



Antioxidant activity Coda et al., 2012, Appl Environ Microbiol 78, 1087-1096
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Sourdough fermentation

Chemical acidification

Sourdough fermentation

Chemical acidification

Sourdough fermentation

Chemical acidification

Sourdough fermentation

Chemical acidification

Antioxidant activity (%) 10 20 30 40 50 60

Whole wheat flour

Rye flour

Kamut flour

Spelt flour



Whole wheat

Rye

Kamut

Spelt

AM A P A V A A A E A G S K

LR L S P A G P V T V A V S P

Antioxidant peptides

NG V S A A V V A G G H

EG N Q K V L E L V Q R

K K KPPP VH

KFEQA RD

D N I P V I R

P A E M V A A A L D R

Coda et al., 2012, Appl Environ Microbiol 78:1087

I
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Antioxidant peptides

AM A P A V A A A E A G S K

D N I P I V I R

Whole wheat flour

NG V S A A V V A G G H

KFEQA RD

Kamut flour

LR L S P A G P V T V A V S P

P A E M V A A A L D R

Rye flour

CTRL (after oxidative stress)

Cell viability of mouse fibroblasts (%)Coda et al., 2012, Appl Environ Microbiol 78, 1087-1096
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Lunasin

Rizzello et al. 2012, Nutrition and Cancer 64:111

- initially isolated from soy (small subunit of albumin Gm2S-1); further isolated 
from barley, wheat, amaranth, rye, Solanum nigrum)

- carcinogenesis suppressor (inhibitory effect against the core histone acetylation) 
(Galvez et al. 2011 Cancer Res 61:7473)

- antinflammatory activity (Dia et al. 2009, J Agric Food Chem 57:1260)

- resistant to gastrointestinal digestion: it can reach the blood plasma after oral 
ingestion (Park et al. 2007, J Agric Food Chem 55:10703)

Immunoreactive epitope

QS KW HQQD S C R K QG TV N L P C E K H I M E K I GQ G R D DDDD DD D D

Department of Soil, Plant and Food Science, University of Bari Aldo Moro, Italy



Lunasin

Rizzello et al. 2012, Nutrition and Cancer 64:111

Sourdough fermentation

Chemical acidification

Sourdough fermentation

Chemical acidification

L. curvatus
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L. curvatus
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Sourdough fermentation

Chemical acidification

Sourdough fermentation

Chemical acidification
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γ-Amino butyric acid (GABA)

25 50 75 100 125 150 175 500 1000 1500 2000

Baker’s yeast bread

Wheat sourdough bread

Fermented wheat germ

Germinated rice

Whole wheat & GABA 
producing strain 

Rye & GABA 
producing strain 

Cereal, legumes & GABA 
producing strain 

Non-conventional 
flour bread 

GABA (mg/Kg)Coda et al. 2012, Intern J Food Microbiol 137:236
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Vanillic acid

Syringic acid

Ferulic acid

Sinapic acid

p-Coumaric acid

Caffeic acid

Synthesis/liberation of antioxidant compounds (phenols)
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Feruloyl-esterase 

EC 3.2.1.21
β-Glucosidase 

Microbial activity
(lactic acid bacteria and yeasts)

pH

5.6

4.2

• Solubilization of phenolic compounds

• Increase of the concentration

Sourdough fermentation

Hydrolysis of phenolic compounds

Rizzello et al., 2014, Appl. Environm. Microbiol.  81: 3192-3204 
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Bio-preservation

VS

 Sorbic acid or potassium sorbate or
calcium sorbate;

 Propionic acid or salts (e.g., sodium-,
calcium-, and potassium-propionate);

 Ethanol;
 Acetic acid or salts (e.g., sodium-,

calcium-, and potassium-acetate);
 Lactic acid or salts (e.g., sodium-,

calcium-, and potassium-lactate)

Additives



Antifungal activity and baked goods

 Vegetable matrices (proteins and peptides)

 Selected lactic acid bacteria (organic acids/antifungal peptides) and yeasts (ethanol + 
ethyl-acetate/enzymes degrading cell wall)
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Fungal spoilage of experimental breads

+ amaranth
+ legume flours
hydrolizates

Delay of the fungal contamination of two weeks

Controls (baker’s yeast, no 
exctracts, no propionate)

(102 conidia/ml)

+ non conventional yeasts
and selected LAB

+ calcium propionate
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Novel theraphies for celiac disease (Caputo et al., 2010. Enzyme Res 103:75)

Oral administration of bacterial
endopeptidases (Flavobacterium
meningosepticum, Sphingomonas capsulata,
Myxococcus xanthus, Aspergillus niger)

Transamidation of gliadin

Transglutaminase inhibitors

(Shan et al. 2004. Biochem J 383:311; Marti et al. 2005. J
Pharm ExpTherap 312:19; Gass et al. 2005. Biotechnol Bioeng
92:674; Mitea et al. 2008. Gut 57:25)

(Gianfrani et al. 2007. Gastroenterology 133:780)

Esposito et al. 2007. Cur Med Chem 14:2572; Wodzinska et al.
2005. Med Chem 5:279; Dolyuchuk 1996. Plast Reconst
Surgery 98:752; Hoffmann et al. 2009. J Agric Food Chem
57:10150).

- Wheat
- Barley
- Rye 
- Spelt
- Kamut
- Triticale 
- Oat* 

Non-tolerated
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Ganzle et al. 2008, Trends Food Sci Technol 19:513

Proteolysis during sourdough fermentation

Primary proteolysisΨredox - pH

Endogenous enzymes 
-

alkaline

acid

Amino acids

H+

+

DtpT

Opp

PepN

PepO

PepP

PepQ

PepX

x-HMW glutenin

degradation products

peptide

gliadin

LMW glutenin

y-HMW glutenin

Secondary proteolysis

Gobbetti et al., 1994 J. Food Sci. 59:  881-884 
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Human digestion Sourdough fermentation

Amino acids
absorption

4 – 6 h

24 – 36 h
Altomare et al., 1999. Dis. Colon Rectum, 42: 231–240; 
Perri et al., 2010. Dig. Liver Dis., doi:10.1016/j.dld.2010.01.001
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List of articles leading with gluten degradation

• Di Cagno et al., 2002. Proteolysis by sourdough lactic acid bacteria: effects on wheat flour protein fractions and gliadin peptides involved in
human cereal intolerance. Applied and Environmental Microbiology, 68:623–633.

• Di Cagno et al., 2004. Sourdough bread made from wheat and nontoxic flours and started with selected lactobacilli is tolerated in celiac
sprue patients. Applied and Environmental Microbiology, 70:1088–1096.

• Di Cagno et al., 2005. Pasta made from durum wheat semolina fermented with selected lactobacilli as a tool for a potential decrease of the
gluten intolerance. Journal of Agricultural and Food Chemistry: 53 (11):4393–4402.

• De Angelis et al., 2006a. VSL#3 probiotic preparation has the capacity to hydrolyze gliadin polypeptides responsible for celiac sprue.
Biochimica et Biophysica Acta, 1762:80–93.

• De Angelis et al., 2006b. Fermentation by selected sourdough lactic acid bacteria to decrease the intolerance to rye and barley flours.
Journal of Cereal Science, 43:301–314.

• Gobbetti et al., 2007. Sourdough lactobacilli and celiac disease. Food Microbiology, 24(2):187-196.
• Rizzello et al., 2007. Highly efficient gluten degradation by lactobacilli and fungal proteases during food processing: new

perspectives for celiac disease. Applied and Environmental Microbiology, 73(14):4499-4507.
• Di Cagno et al., 2009. Different fecal microbiotas and volatile organic compounds in treated and untreated children with celiac disease.

Applied and Environmental Microbiology, 75(12):3963–3971.
• De Angelis et al., 2010. Mechanism of degradation of immunogenic gluten epitopes from Triticum turgidum L. var. durum by sourdough

lactobacilli and fungal proteases. Applied and Environmental Microbiology, 76(2):508–518.
• Di Cagno et al., 2010. Gluten-free sourdough wheat baked goods appear safe for young celiac patients: a pilot study. Journal of Pediatric

Gastroenterology & Nutrition, 51(6):777–783.
• Greco et al., 2011. Safety for patients with celiac disease of baked goods made of wheat flour hydrolyzed during food processing. Clinical

Gastroenterology and Hepatology, 9(1):24-29.
• Di Cagno et al., 2011. Duodenal and faecal microbiota of celiac children: molecular, phenotype and metabolome characterization. BMC

Microbiology, 11,
• Rizzello et al., 2014. Use of fungal proteases and selected sourdough lactic acid bacteria for making wheat bread with an intermediate

content of gluten. Food Microbiology, 37;59-68.
• Curiel et al., 2014. Manufacture and characterization of pasta made with wheat flour rendered gluten-free using fungal proteases and

selected sourdough lactic acid bacteria. Journal of Cereal Science, 59;79-87.
• Rizzello et al. 2016. Characterization of the bread made with durum wheat semolina rendered gluten free by sourdough biotechnology in

comparison with commercial gluten‐free products. Journal of Food Science, doi:10.1111/1750-3841.13410.
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Lb. brevis 14G
Lb. alimentarius 15M 
Lb. hilgardii 51B
Lb. sanfranciscensis 7A

Lb. sanfranciscensis E14
Lb. sanfranciscensis E21 
Lb. sanfranciscensis 174 
Lb. sanfranciscensis 13
Lb. sanfranciscensis A1 
Lb. sanfranciscensis 274

+

+
Fungal proteases (200 ppm)

Pool 1

Pool 2

v -gliadins

a, b, v -gliadins

hydrolized
gliadins

St         1       2

St, European gliadin standard;
1, chemically acidified dough (CAD);
2, fermented dough (20% wheat flour)
with pool 1, 2 and proteases (SLP)

(SLP)(CAD)
controllo

Water salt soluble

Glutenins
Glutenins

Gliadins

Alb.-Glob.

Organic nitrogen concentration of spray-dried flour

(ca. log 9/ml)

(ca. log 8/ml)

R5-ELISA
SLP < 10 ppm
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L-Q-L-Q-P-F-P-Q-P-Q-L-P-Y-P-Q-P-Q-L-P-Y-P-Q-P-Q-L-P-Y-P-Q-P-Q-P-F

L Q L-P-Y-P-Q-P-Q-P-FL-P-Y-P-Q-P-QL-P-Y-P-Q-P-QF-P-Q-P-QL-Q-P

L Q P F-P Q-P-Q L-P Y-P Q-P-Q L-P Y-P Q-P-Q L-P Y-P Q-P Q-P-F

L Y YF P Q-P Q P Y P Q-P Q L P P Q-P Q L P P PQ Q-P F

PQ PQ PQ PQ

PepN/PepO/PEP

H+

Amino acids

33 mer

PepN/PepX

PepQ/PepX

PepQ

De Angelis et al. 2010, Appl
Environ Microbiol 76:508
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Agglutination test (K562)
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Clinical Challenge 2: Pediatrics and European Laboratory for the Study of Food Induced
Diseases University of Naples, Federico II, Italy

Clinical challenge
- Sixteen CD patients 
(age median 19, range 12-23 years),
- Daily consumption of ca. 200 g of
biscuits,
- The challenge lasted 60 days

Biscuits (200 g) 
corresponding to 100 g of

processed wheat flour which 
contained 8 g of hydrolyzed gluten

Density of sd+ intraepithelial lymphocytes
in jejunal biopsy from patient 4 F.I. at the
beginning (panel A) and after 60 day of
challenge (panel B)

(A) (B)

Greco et al. 2011, Clin Gastroenterol Hepatol 78:1087

TIME EMA tTG MARSH GRADE CD3 γδ CD25

NFBG (controllo)

A.An t0 Negative 5.6 T0 21.6 6 1

t30 Light positivity 12.4 T1 59.6 15.3 20

A.Am t0 Negative 1.7 T0 35 10 5

t30 Positive 18.8 T2 80.8 18.5 24

S.R. t0 Negative 1.6 T0 24 5.5 7

t60 Positive >200 T3b 80 35 102

F.I. t0 Light positivity 1.9 T0 38 8.6 5

t60 Positive 111.4 T3b 114 33.5 144

G.S. t0 Negative 0.3 T0 36 11.7 8

t60 Positive >200 T3b 80 15.4 98

L.R. t0 Negative 0.5 T1 43 9.7 58

t60 Positive 176.2 T3b 79 14 88

S1BG (pool S1)

S.A. t0 Negative 0.5 T0 42 4.8 2

t60 Negative 0.5 T3a 59.6 29.6 22

P.M. t0 Negative 1.7 T0 30 6.6 1

t60 Light positivity 9.2 T2 78.4 29.6 30

S2 BG (pool S2 + proteasi fungine)

F.I. t0 1.6 T0 39 5.6 6

t60 1.0 T0 38 8.6 5

I.C. t0 1.9 T0 3.7 0.9 11

t60 1.1 T0 11 3.8 9

R.R. t0 0.3 T1 53 11.5 3

t60 0.3 T1 56 17.8 4

I.I. t0 0.5 T0 31 8.4 21

t60 0.3 T0 36 12.8 21

C.C. t0 0.4 T0 32 21 3

t60 0.7 T0 47 18 7

TIME EMA tTG MARSH GRADE CD3 γδ CD25

NFBG (controllo)

A.An t0 Negative 5.6 T0 21.6 6 1

t30 Light positivity 12.4 T1 59.6 15.3 20

A.Am t0 Negative 1.7 T0 35 10 5

t30 Positive 18.8 T2 80.8 18.5 24

S.R. t0 Negative 1.6 T0 24 5.5 7

t60 Positive >200 T3b 80 35 102

F.I. t0 Light positivity 1.9 T0 38 8.6 5

t60 Positive 111.4 T3b 114 33.5 144

G.S. t0 Negative 0.3 T0 36 11.7 8

t60 Positive >200 T3b 80 15.4 98

L.R. t0 Negative 0.5 T1 43 9.7 58

t60 Positive 176.2 T3b 79 14 88

S1BG (pool S1)

S.A. t0 Negative 0.5 T0 42 4.8 2

t60 Negative 0.5 T3a 59.6 29.6 22

P.M. t0 Negative 1.7 T0 30 6.6 1
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tTG, anti-tissue transglutaminase antibodies; T0, normal
duodenal mucosa; CD3, T1, architecturally normal
duodenal mucosa with increased intraepithelial
lymphocytes infiltration; and CD3, gd CD25 are markers
for intraepithelial lymphocytes in duodenal mucosa
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- Long-time
- Semi-liquid sourdough

fermentation

Water, wheat flour,
fungal proteases, 
selected sourdough 
lactic acid bacteria

11

12

Addition of gluten-
free ingredients (rice,
mais, starch, gums)

Wheat
gluten-free 
baked goods

(short-time
baker’s yeast 
fermentation)

Wheat
gluten-free 

flour

(short-time
baker’s yeast 
fermentation)

(structuring 
agents)

Patent number(s) WO2014033765-A1,
US2014065262-A1. Giuliani et al. 2014

Spray dryer
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“The advantages of the bread made with hydrolyzed gluten”

 Better flavour
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“The advantages of the bread made with hydrolyzed gluten”

Extended shelf life
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Wheat gluten-free bread

Naturally gluten-free bread

“The advantages of the bread made with hydrolyzed gluten”

 Better technology
features
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“The advantages of the bread made with hydrolyzed gluten”

 Better nutritional profile
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Carbohydrates

Rizzello et al., 2016. J Food Sci, doi: 10.1111/1750-3841.13410

Wheat 
gluten-free bread

Naturally 
gluten-free bread

Gluten 
containing bread

10 20 30 40 50 60

Carbohydrates (%)
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Heavy metals

Rizzello et al., 2016. J Food Sci, doi: 10.1111/1750-3841.13410

Wheat 
gluten-free bread

Naturally 
gluten-free bread

Gluten 
containing bread

0.1 0.2 0.3 0.4 0.5 0.6

Heavy metals (mg/kg)
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Mycotoxins

Content (µg/kg)

Aflatoxins n.d. n.d. n.d.

T2 n.d. n.d. n.d.

HT2 n.d. n.d. n.d.

Ochratoxin n.d. 0.4±0.2 n.d.

Fumonisins n.d. n.d. 19.2±0.8

Zearalenone n.d. n.d. 45.0±1.1

Deoxynivalenol n.d. 46.3±0.8 254.5±1.2

Rizzello et al., 2016. J Food Sci, doi: 10.1111/1750-3841.13410

Wheat 
gluten-free bread

Naturally 
gluten-free bread

Gluten 
containing bread
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Irritable bowel syndrome (IBS)

Non-celiac gluten sensitivity 
(NCGS)

10% of the world’s population

Chang. 2014, World J Gastroenterol. 20:2499-2514
Catassi et al. 2013, Nutrients. 5:3839-3853

NCGS and IBS
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Taking care of our «friends»

 Low glycemic index

 High content of fibres

 Enriched of high value
of by-products (e.g., wheat
germ)

 Naturally preserved

 Null-, low-, intermediate-gluten
content

Interim prospects


