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LOW MOLECULAR WEIGHT PEPTIDES OF 
BREAD DOUGH AND BREAD. DYNAMICS DURING 

FERMENTATION AND BAKING* 

J. A. PRIETO, C. COLLAR, 
AND C. BENEDm DE BARBER 

Labomtori0 & CereaIes 
lrrstituto de Agmquhica y Techndogh de Alimentos (CSIC) 

Jaime Ro& I1,46010-Valmcia, Spain 

Summary 

Dynamics i n  low molecular weight peptides (LMWP) during wheat 

bread dough fermentation and baking have been investigated by 

comparing the amino acid composition and the partial N-terminal amino 

acid sequence of the LMWP fraction of purified acetic acid extracts 

from unfermented, 2.5 hour-, and 24 hour-fermented straight doughs, 

and bread. Nutritional requirements on LMWP of yeast and lactic acid 

bacteria starting the fermentation are only evidenced when aspartic 

acid and asparagine levels are reduced. Specific endo and 

exoproteol yt ic activities releasing basic and h yd rop hobic nitrogen 

chains along breadmaking process, as well as level of hydrophylic 

residues i n  unfermented doughs affect browning and bread flavor. 

* This paper is part of the doctoral thesis of J.A.Prieto 
Offprint request tor C.Bened1to de Barber 
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352 PRIETO, COLLAR, AND BENEDITO DE BARBER 

Introduction 

The importance of low molecular weight peptides (LMWP) in the 

breadmaking process has been traditionally focused to their role as 
nitrogen source for microorganisms [1,23. It is also well known their 

role in bread flavor as precursors in the formation of volatile 

compounds during fermentation 131 and baking [4,51. Nevertheless, the 

direct contribution of LMWP to the flavor and taste of bread has not 

been considered so far. 

It has been recognized however that LMWP can exhibit properties 
such as potential antioxidants, taste enhancers, sweeteners and bltter 

princides 161. This latest aspect has received especial attention 

because the enzymatic hydrolysis of proteins from foodstuffs leads to 

the formation of bitter flavor [7,8,91. Many bitter peptides from foods 

have also been detected and identified during fermentation and 

ripening processes [10,111. 

The bitterness of LMWP appears to be closely related to the 

content and sequence of arginine, proiine and hydrophobic amino acids 

112,131. By contrast, hydrophiiic peptides, called "unami" peptides, 

especially with acidic character, exhibit bitter masking activity 1141. 

There are evidences that several wheat protein fractions could 

generate bitter peptides. Thus, the exhaustive hydrolysis of gliadin 

with proteases develops bitterness [151. Grant and Wang 1163 reported 

that the autohydroiysis of wheat flour released Phe-rich LMWP. It has 

also been observed the accumulation of hydrophobic amino acids, Pro- 
Pro, Leu-Pro-Phe, in partial sequences of corn zein 1171 and of wheat 

giiadln [la]. Wheat proteins are also rich in hydrophllic amino acids 

1193 and therafore it is probably that "unmi" peptldes are present in 

the flour composition. 

During bread dough fermentation, LHWP can be assimilated for 

growth 111, r e l d  from higher molecular weight peptides and 

hydrolyrod by the enzymatic activity of endogroteases from both flour 

C201 and lactic acid bacterla 1211. During baking, peptides can also 

participate in the Maillard browning reactions. 

Umetsu and Ichishima 1221 showed that a wheat carboxypeptldase, 

a serine type enzyme, is able to release selectively hydrophobic amino 
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PEPTIDES OF BREAD DOUGH AND BREAD 353 

acids from a casein bitter peptide fraction, resulting in a decrease of 
bitterness. Wheat amino peptidases show also a high affinity upon 

residues of Arg, Leu and Phe 1231. 

It is clear from literature references, that chemical and enzymatic 

reactions w i l l  affect the LMWP composition of wheat flour and therefore 

the contribution of these components to the sensory propertles of 

b read. 

I n  the present paper the LMWP fraction of bread dough and its 

changes during fermentation and baking have been studied. Data were 

used to obtain information on microbiological and enzymatic activities 

Involved in the breadmaking process and to evaluate the role of LMWP 

in the taste and flavor of bread. 

Material and methods 
Reagents Amino acids, dansyl amino acids and dansyl chlorlde (Dansyl- 

CI) were purchased from Sigma (St.Louis,MO,U.S.A.). Dimethyl- 

ami noazobenzenei soth ioc yanate (DABITC 1, p hen y l isot h locyanate (PITC 1, 
pyridine, triethylamine and trifluoroacetic acid (TFA), all sequenclng 

grade were obtained from Fluka AQ (Buchs,Switzerland). Acetonitrile 

(HPLC grade) and acetone (ultraviolet grade) were obtalned from 
Panreac (Barcelona,Spain). A l l  organic solvents used for sequencing 

were analytical grade from Merck (Darmstadt,F.R.G.). Buffers were 

prepared from chemicals of reagent grade or better, and ultrapure 

water delivered from a Ml l l i  Q system (Mlllipore,Bedford,MA,U.S.A.). 

Standard mixtures of dansy I - and dimet h y I am1 no-azobenzene 

thiohydantoin (DABTH-) amlno acids were prepared as descrl bed 

previously 124,253. 

Appamtus The HPLC system (Waters Ass.,Mllford,MA,U.S.A.) consisted 

of two 510 solvent delivery unlts, a 721 programmer and a UBK 

universal liquid chromatography Injector coupled to a 490 variable 

wavelength ultraviolet detector. Data were simultaneously dlsplayed and 

stored by a Waters 730 printerplotter automation system for subsequent 

integration. The column used was an ODs HS/3 (3pm,83x4.6mm,l.d.) from 

Perkin-Elmer (Norwal k,CT.U.S.A.), coupled to a precolumn (36x4.6mm,l.d.) 

packed wlth pelllcuiar CIv 
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354 PRIETO, COLLAR, AND BENEDITO DE BARBER 

Bread dough and bread preparation. Unfermented bread dough (UD) 

was prepared by a straight dough system from a commercial wheat 

bread flour as described previously C241. UD was divided into 60 or 

5009 portions and fermented at 28'C and 8041rh for 2.5 (FD2,$) and 24hr 

(FD?,). Bread was performed from 609 pieces of FD2,$ baking at 220'C 

for 25min. Doughs were frozen, freeze-dried and then ground in a 

mortar to a fine powder before extraction. 
LMWP extraction and initial purification. LMWP were extracted from 

doughs and bread freeze-dried samples (1009) with 0.01N acetic acid 

[26]. Extracts were successively purified of proteins and uncharged 

compounds by uitrafiitration on a 1O.OOO daiton cartridge and by 

strong cation exchange chromatography on a Dowex 50W-X2 C241. 

Molecular exclusion chmatography. Doughs and bread extracts 

par:ialiy purified as described above, were freeze-dried, redissolved 

in 1N acetic acid and loaded into a column (2.5x80cm) of sephadex 6-25 

fine type, equilibrated with the same solvent. samples were eluted with 

1N acetic acid and collected in 5ml fractions at a temperature of 4'C 

and a flow rate of Iml/min. Each fraction was analysed by the 

conventlonai ninhydrln method [271 before and after acid hydrolysis, 

and by the original cadmium-ninhydrin method 1281. Fractions 

containing LMWP (<lo00 daltons) were pooled, evaporated to dryness 

and redissolved in 5 (UD), 2.2 (FD2,5), 2.7 (FD2,) and 1.5ml ( 6 )  of 50mM 

Na2B,0, buffer (pH 11.0). Volume of buffer used in each sample was 

calculated according to i ts free amino acid content C241 (final 

concentration <4mg/ml), as was suggested by Rothenbllhler et al.[29]. 

Ligand exchunge chrumatography. Aiiquots of the samples purified by 

molecular exclusion chromatography were applied into a Cut'-sephadex 

6-25 column (1.5xllcm) prepared as reported 1293. LMWP and amino 

acids were eluted according to Fazakeriey and Best C301. The eluate 

was collected In 3ml fractions and anaiysed, after removing Cu2' with 

a Chelex-100 resin, as it was mentioned before for the detectlon of 

nitrogenous material. Flnally, the fractions containing LMWP were 
pooled, purified of salts by passing throught a Dowex 50W-X2 column, 

freeze-dried and redissolved in distilled water for amino acid 

composition and sequence analysis. 
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PEPTIDES OF BREAD DOUGH AND BREAD 355 

Amino acid annpositim. Amino acid analysis was carried out on peptide 

hydroiysates by RP-HPLC of their dansyl derivatives C311. The 

dansylated extracts were redissolved in  lml of 12mM HKp, ,  pH 

'I.O/acetonitriie (90:10,v/V) and filtered before the injection (20~1) into 

the chromatograph system. The separation, detection and quantification 

was performed as described 1241. 

Sequence melysk LMWP (120-200nmol) of doughs and bread samples 

were coupled with DABITWPITC and the released residues converted 

to DABTH-derivatives following the methodology of Chang C321. Two 

sequencing cicles were made. DABTH-amino acids were redissolved In 

50pl of aqueous ethanol (80%), and filtered. Volumes of 15 (UD), 6.6 

(FDZ,S)y 8.4 (FD!,) and 4.51.11 (B) were Injected in the HPLC system for 

analysis. Chromatography was performed as reported by Prieto et 

ale 1251. 

Results and Discussion 
Chrcmatographic separation and quantification 

Figure 1 shows RP-HPLC chromatograms of dansyi-amino acids released 

by hydrolysis of the LMWP fraction from UD,FD2a5,FD2, and B. Separation 

w a s  similar to  that reported earlier for free amino acids analysis 

124,333, although Dns-Arg which shows an especial1 sensibility to  any 

modification of the chromatographic conditions was eluted after Dns-Pro 

instead between the pair Dns-GABA/Dns-Pro. Nevertheless, this change 

did not affect the resolution of other Dns-amino acid. 

Eighteen amino acids, Including GABA, were detected in  ail 

samples (Fig.1). This amino acid formed from glutamlc acid in flour by 

glutamate carboxyiase activity 1341 is coeiuted along with LMWP in the 
ligand exchange chromatography [XI, because Its character of y-amino. 
Results indicated also larger amounts of byproducts, especially Dns-OH 

and Dns-NH2, than those found for free amino acid samples [241, 

because the higher mdar ratio of Dns-CI/Dns-AA. This finding Is in 

agreement with our previous study of the derivatization conditions of 

Dns-amino acids C331. Despite this, separations are still rather good to  

permit the resolution and quantlflcation of ail amino acids tested. 
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Figure 1.- RP-HPLC chromatograms of dansyl-amino acids released by 

hyd-olysis of the LMWP fraction from UD (a), FD2,5 (b), FD2+ (c) and B 

(d) .  Chromatography as is described under Material and methods. 
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PEFTIDES OF BREAD DOUGH AND BREAD 357 

Reproducibility of the quantitative analysis of amino acids, was 
estimated by succesive injections of the derivatized extracts. Results 

(table I)  revealed similar coefficients of variation to those for response 

factor in a standard mixture of dansyl-amino acids [24]. 

Amino acid annpasition of the LMWP fraction frwn bread dough. 
Biochefnical changes during fermentation 

Qualitative and quantitative amino acid composition of LMWP fraction 

isolated from UD,FD2,5,FD2, and B is showed in the table I. Asx, Gix and 

Gly predominated in the amino acid composition of peptides of doughs 
and bread, accounting for 47% of the total amino acid content Results 

stress the close relation between dough nitrogen compounds. Thus, 

Asp,Asn,Glu and Gln are the major free amino acids of UD [241. 

During fermentation, the amino acid composition of LMWP fraction 

from bread dough showed important changes (table I). A t  the beginning 

of this period (0-2.5 hr) the majority of amino acids, except Asx (-20%) 

underwent a significant increase. Variations for Arg (+100%) and Lys 

(+78%) were remarkable, respect to  those of other amino acids. Results 

can be explained by the activity of endoproteases over protein 

fractions of higher molecular weight. Peptide bonds next to  Lys and 

Arg appear to  have a higher grade of susceptibility. This is in 

agreement with earlier reported changes in the amino acid composition 

of the dialyzed LMWP fraction from hemoglobin after digestion with 

wheat flour proteases i161. 
On the other hand, the shift in  the Asx content and the non 

Significant variation of Glx (table I), amino acid predominating in all 

wheat protein fractions, appear to  reveal the activity of exoproteases 

since the beginning of fermentation. However, this behavior could be 

understood by the comsumptiom of Asx/Glx rich-small peptides by 

yeast. I n  this respect, it should be polnted out that Asp and Asn along 

with Trp showed the largest decreases from UD to FD2,5 [241. 

On the other hand, investlgations on the transport and 

metabolism of LMWP by S.cerevisiae, indicated a low affinity by the 

uptake of acidic peptides C351. A slight lag phase (5 to  7hr) when 

yeast are grown over peptides comparing to  that on amino acids has 
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358 PRIETO, COLLAR, AND BENEDITO DE BARBER 

Tabre I. Amino acid composition of the LMWP fraction of unfermented 
bread (UD), 2.5-(FDza5) and 24-hour (FD2,) fermented bread dough and 
wheat bread (B) samples. 

Mean content', X CV 

Amil70 
acid UD FD2.5 FDZ1 B 

-- 

Asxb 2.61 0.38 2.08t 1.44 2.72t  0.36 1.33t 5.26 
G 1 x b  3.37 5.04 3.50 2.29 4.90t  5.92 2.84t 2.46 
Set' 0.93 1.07 0.97t 0.31 1.12t 0.89 0 .59 t  1.69 
Tht- 0.86 0.23 0 .76 t  1.32 0.76 1.32 0 .44 t  2.27 
G l ?  2.22 0.90 2 .43 t  1.23 3.18t  0.94 1.87t  0.53 
A l a  1.04 0.96 0 .99 t  2.02 1 .29 t  0.78 0 .62 t  3.23 
Pro 0.75 2.67 0.90t 1.11 l . l l t  0.90 0 .74 t  1.35 
Arc3 0.41 2.44 0 .82 t  0.30 0 .61 t  0.27 0.46t 2.17 
Va I 0.63 3.17 0.67 1.49 0 .88 t  1.14 0 .42 t  2.38 
Me'; * 0.16 6.25 0.22t  0.91 0.07t 2.85 
Iltt  0.52 7.69 0.61 9.84 0.64 1.56 0 .42 t  2.38 
Leu 0.82 1.22 0.87 4.60 0.84 1.19 0 .45 t  4.44 

Phe 0.71 1.41 0.84t  2.38 l . 8 9 t  1.06 0.81 0.25 

LY.3 0.28 10.7 0.50t 4.00 0 .17 t  0.48 0 .22 t  0.36 
Hi.; 0.24 8.33 0 .28 t  3.57 0 .22 t  4.55 0.20t  5.00 
T y P  0.34 5.08 0.38 7.89 0 .23 t  4.35 0 . l O t  4.00 

a rng/100g sample, d.b. 
b. 4sx= Asp + Asn, Glx= Glu + G l n .  
t indicates a statistically significant change between mean values 
(P<0.05%) for fermentation (UB-Fz.5, F 2 . 5 - F z r )  and baking (F2,5-B). 
$ Trace. 
n.d. non determined 

T r P  n.d. 

Cy.5 n.d. 

- 

been also reported 1361. Besides, although LMW nltrogenous compounds 

dl3 not show competence for the transport system, the regulatory 

control for them should be governed by the amlno acld levels In the 

intracellular pool 135,373. I n  this way, a rather high amount of free 

amino acids was found in bread dough 1243. 

Between 2.5 and 24 hours of fermentation, the amino acld analysls 

0' the LMWP fraction (table I )  revealed a further enhance in every 
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PEPTIDES OF BREAD DOUGH AND BREAD 359 

amino acid content, except for His (-21%),Arg (-26%), Tyr (-39%) and 

Lys (-66%). The change was especially Important for Phe (+125%) 

indicating the existence of at least a second endoproteoiytic activity in 

bread dough. This appears to dlffer from the earlier discussion about 

optime pH and especificity. The shift in the dough pH (5.5-4.5) along 

the fermentation process, probably promotes the activity of 

endoproteases with a higher specificity for peptidic bonds next to Phe. 

The change In the Arg,Lys,Hls and Tyr  content might be 

associated to the absorption of LMWP by lactic acid bacteria, more 

metabolically active at the end of fermentation. However, analysis of 

free amino acid composition revealed a high concentration of Lys and 

Arg in fermented bread dough (6 hours), which even increased at the 

last period of fermentation 1241. Besldes, although lactlc acid bacteria 

require Arg for growth, Lys is not essential 1381. A possible 

explanation could be if Lys and Arg belong to  the LMWP which are 

metabolyzed as source of other essentlal amino acids. These could be 

Tyr and His [%I, which amount as free amino acids i j  certainly low in 

6-hour fermented dough “241. The uptake of these peptides w i l l  be 

accompanied by their hydrolysis and the release into the medlurn of 

the above amino acids which concentration In the intracellular pool is 

excessive 1391, in this case Lys and Arg. 

Changes could be atributed however to the activity of 

exoproteolytic enzymes. I n  fact, the increase from 0 to  2.5 hours in the 

content of Lys and Arg, and In smaller proportion of His and Tyr 

indicate that the number of peptide chains with these residues in 

terminal positlon should increase during this period. I n  this way, it is 

known that aminopeptldases 1231 and carboxypeptldases 140,411 of wheat 

kernel have the ability to release most amino acids residues from the 

terminal of peptides and proteins. Therefore, the determlnatlon of the 

partial sequence of peptides and especially their changes along 

fermentation w i l l  permit us to obtain additional information to support 

avd to clarify the above discussion. 

Chemical changes during baklng 

During baking the amino acid content of the LMWP fraction isolated 

from FDZ,$ showed a strong decline (table I), indicatlng that peptides 
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360 PRIETO, COLLAR, AND BENEDITO DE BARBER 

participated actively in the development of bread flavor and taste 

supstances, through the Maillard browning reaction. The shift differed 

hodever among amino acids, variyng from 18% for Pro to 74% for  Tyr. 

Thsse differences could be interpreted in  terms of browning reactivity. 
Hodever, LMWP can undergo important changes due to  the enhancement 

of proteolytic activity as dough temperature increases. In this way, the 

absence of a significant variation for Phe is remarkable, because the 

result should be considered as a balance between peptide generation 

and transformation by the Maillard reaction and the activity of 

exc )P roteases. 

Partial N-terminal amino sequence of the LMWP fraction of dough and 
bread. Changes during fermentation and baking 

Figure 2 shows the separation by RP-HPLC of DABTH-derivatives 

released in the f i rs t  cicle of sequenation of the LMWP fraction of 

do igh and bread. Chromatograms revealed a good separation of DABTH- 

amino acids, similar to that reported earlier for a standard mixture 

[2tlI. A l l  protein amino acids, except His, are present in variable 

proportion as f i rs t  residue of the LMWP fraction isolated from dough 

and bread. N-glycy1,N-seryl,N-aspartyl and N-glutamyl peptides 

predominate however, in correspondance with the total amino acid 

composition described above. 

Results indicated also a dynamic change during fermentation in 
thl? amino acid sequence of bread dough peptides. From 0 to 2.5 hours 

of fermentation there was a shlf t  in the yield of the majority of 

DABTH-amino acids, altough those from non-polar amino acids, Tyr  and 

es,iecially Pro increased (Fig.2). 

The decrease in the relative proportion of DABTH-Asp,-Glu,-Asn 

and -Gin is in good agreement with the variations observed during this 

period in  the total content of Asx and Glx (table I). This result 

suoports the activity of aminopeptidases at the beginlng of 

fermentation. It is clear also that the increase In the total amino acid 

content during this period results of the activity of endoproteolytic 

enzymes. The total balance of these activities is therefore a peptide 

frcction with a larger molecular size. The absence of variability of Arg 
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Figure 2.- Separation of DABTH-amino acids released in the first cicle 

of sequenation of LMWP from UD (a), FD2,$ (b), FD2, (c) and B (d). 

Chromatography was performed as described under Material and 

methods. 
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362 PRIETO, COLLAR, AND BENEDITO DE BARBER 

and Lys as N-terminal residues appears to  indicate also that this 

endoprotease activity shows a specificity for the carbonyl side. Similar 

resirlts have been described for serine-type enzymes as trypsln. 
A t  longer fermentation times (F2,5-F21), results revealed a higher 

DABTH-derivatives yield for the majority of amino acids, except for Gln. 

The variations have to  be understood as discussed before as result of 

the activity of endoproteases which showed a higher specificity for 

peptide bonds next to  Phe. This amlno acid did not show however a 

remarkable enhance as N-terminal residue indicating that peptide bonds 

are cleaved by the carbonyl side of Phe, a chymotrypsin like activity. 

On the other hand, the decrease in the DABTH-Gln content 

indicates that the aminopeptidase activity is active along the 

fermentation process. Finally, the increase in the DABTH-Tyr content 

supports that the changes i n  the total content of Tyr,Arg,Lys and His 

( ta t le  I )  are due to  the release of these residues by a 

carboxypeptidase. In fact, an enzyme with these characteristics has 

bee1 isolated from wheat [40]. 

During baking (Fig.2b,d) the chromatograms Indicated a similar 

behwior of DABTH-derivatives to  that showed during longer 

ferrientation period (F2,$ to  F24). I n  fact, results clearly suggest an 

increase in  the total number of peptide chains, which should be 

attributed to  the activity of endoproteases. This result along wlth the 

shi i t  in the total amount of amino acids (table I) indlcates 3 peptlde 

fraction wlth smaller chain length, definitely different t o  the changes 

obswved from UD to  FD2,5. I n  this respect, it must be considered that 

other chemical reactions taking place during baking can affect the 

act1 vity of enzymes. For instance, the increase of dough temperature 

and the denaturalization of proteins under the action of heat. 

W m d  cicle of sequenation of the LMWP fraction of dough. 
Changes during fermentation and baking. 

Analysis of the DABTH-residues released in  the second cicle of 
seqdenation of the LMWP fraction of UD,FD2,5,FD2, and B (Fig.3) revealed 

a depletion in the yield of derivatives respect t o  that found for the N- 

terrninal. Results indicate an important proportion of dipeptldes i n  the 
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Figure 3.- Separation of DABTH-amlno acids released In the second cicle 

of sequenation of LMWP from UD (a), FD2,$ (b), FD2, (c) and B (d). 

Chromatography w a s  performed as described under Material and 

met hods. 
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364 PRIETO, COLLAR, AND BENEDITO DE BARBER 

frastion isolated from dough and bread . I n  fact, a sharp depletion in 

the derivation reaction yield has been reported when sequenation 

arrives to  the C-terminus [421. Conversely to this trend, chromatograms 
(Fig.3) revealed an increase in the content of DABTH-Tyr and especially 

of DABTH-Pro. This was remarkable for FD?, and B. Results observed 

for Tyr  and Pro indicate that these amino acids are frecuently present 

as second residue from the N-terminus. This is in  agreement with the 

frecuence of sequences found among peptides released by hydrolysis 

of wheat gliadins. Thus Gln-Pro accounts for 21% of total dipeptides 

Clel. 
The study of the changes, during fermentation and baking, of 

the DABTH-derivatives released i n  the second cicle of sequenation gives 
us more information on these sequences. Between 0 and 2.5 hours of 

fermentation (Fig.31, chromatograms showed small changes for the 

majority of derivatives, except for those of Gly and Pro. Pro underwent 

an important increase, indicating that it is frecuently present as third 

residue from the N-terminus. Otherwise, i ts  yield would have been 

reduced due to  that a part of Pro being located at second position has 

berm already sequenced. These peptides should respond t o  the 

sequence X-X-Pro, because it is unlikely the accumulation of Pro ( X -  

Pro-Pro); only 6% of Pro is distributed as Pro-Pro in  the sequences of 

peDtides released from wheat gliadin ile]. X represent mainly Gln, in  

the sequences of three amino acids obtained from gliadin and glutenin, 

ac1:ounting for 15 and 13% respectively [IS]. However, as regard of the 

dezrease in  the DABTH-Gly yield, this amino acid is likely placed often 

as second residue from the N-terminus in X-GIy-Pro type sequences. 

From FD2,5 to  FD2, results indicated a sharp enhance in  the 

DABTH-derivatives content as could be expected from the increase 

ea-lier described in the number of peptide chains during this period. 

Tbe larger variation was revealed again by DABTH-Pro, which was even 

hiqher than registered at the first cicle. Therefore the variation can 

not be explained by the simple activity of aminopeptidases, but should 

be attributed to  the release by action of endoproteases of peptides 

ac:umulating Pro in  this position. As It was discussed earlier, the 
ac:ivity of these enzymes showed a large specificity by Phe. I n  fact 
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the presence of Phe next to Pro in sequences from wheat gliadin is 

remarkable. For instance, GIn-Pro-Phe-Pro account for 7% of the 

sequences of four amino acids 1181. 

During baking the Change8 in  the DABTH-amino acids composition 
were similar to those before descrl bed for the f irst cicle of sequenation 

(Fig.2,3). The results ttress the importance that the endoproteolytic 

activity of bread dough can lead to the release of LMWP with 

hydrophobic sequences and therefore of potential bitter taste. 

conclusions 

The role of the LMWP fraction of bread dough as a source of nitrogen 

for yeast and lactic acid bacteria appears to be insignificant. However, 

they could have some interest when the initial content of free amino 

acids is reduced and especiaily for those as Asp and Asn for which 
S.cerevisiae shows an especial1 requirement. 

The contribution of LMWP to the taste and flavor of bread w i l l  

depend on, a) the content of peptides with an abundant compositlon of 

basic and hydrophobic amino acids, distributed in potentially bitter 

sequences released principally during fermentation and baking, b) the 

proportion of hydrophylic peptides in unfermented bread dough and 

c) the balance of endo and exoproteases activities, during fermentation 

and baking which originate mainly the changes in the peptlde fractlon. 
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UD 
FDZ.5 
FDZ4 
B 
Dns-CI 
Dns-AA 
Dns-OH 
Dns-NHi 
AA 
RP-HPLC 

DABITC 
PITC 
DABTH 
DABTC 
PTC 
PTH 
LMWP 
L-Lys-L-Asp 
ODS 
AcN 
NaAc 
aufs 
cv 
D 
E 
Q 
N 
S 
S^ 
T 
T^ 
G 
A 
R 
P 
V 
M 
I 
L 
W 
F 
C 
K1 
Ki 
K1 
H 
Y 

Appendix A 
Key to Abbreviations 

u nfermented bread dough 
2.5-hou r fermented bread dough 
24-hour fermented bread dough 
bread 
dansyl chloride 
dansyl amino acid 
dansylic acid 
dans y lami de 
amino acid 
reversed-p hase hi g h-performance I iquid 
chromatography 
d imet h y lami noazobenzene isot h iocyanate 
p hen y I isot hiocy anate 
d imet h y lami noazobenzene t h ioh y dan toi n 
dimethy lami noazobenzene t hiocarbamoy l 
p hen y I thiocar bamoy I 
phenylthiohydantoi n 
low molecular weight peptides 
L-Lysi I - L-Aspartic 
octadecylsilane 
acetoni t ri le 
sod i um acetate 
absorbance units fu l l  scale 
coefficient of variation 

DABTH-GIu (-Glutamic acid) 
DABTH-Asn (-Asparragi ne) 

DABTH -Ser (-Seri ne 
de h y d ro- DABTH -Ser 
DABTH-Thr (-Threonine) 
dehydro-DABTH-Th r 

DABTH-Ala (-Alani ne) 
DABTH-Arg ( - A d n i n e )  

DABTH-Val (-Val i ne 1 
DABTH-Met (-Metioninel 
DABTH-Ile (-Isoleucine) 
DABTH-Leu (-Leucine) 
DABTH-Trp (-Tryptophan) 
DABTH-Phe (-Phenylalanine) 

a-DABTH-E-DABTC-Lys (-Lysine) 
a-PTH-E-DABTC- Lys 
a-DABTH-E-PTC-Lys 
DABTH-His (-Histldlne) 
DABTH-Tyr (-Tyrosine) 

DABTH-Asp (-Aspartic acid) 

DABTH-Gln (-Glutmine) 

DABTH-GI y (-GI ycine) 

DABTH-Pro (-Proline) 

DABTH-Cyst (-Cystine) 
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