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The concentrations of total nonprotein (protein-bound and free) and free tryp- 
tophan were determined in various kinds of market yoghurts prepared from 
raw, skimmed or partially skimmed cow’s milk, with or without fruit, coffee or 
cereals. The mean values of total nonprotein tryptophan in plain yoghurt made 
from whole or skimmed milk were 3.45 f 0.46 and 3.25 f 0.38 mg/kg, respectively, 
that is, five to six times higher than in cow’s milk. Instead, the free fraction of 
tryptophan was 2.76 + 0.50 and 244 f 0.36 mg/kg, respectively (seven to eight 
times higher than in cow’s milk). In yoghurts with fruit. the mean values were 
quite similar to those of plain yoghurt, although they varied within each type of 
yoghurt. The highest contents of both fractions of nonprotein tryptophan were 
found in yoghurts with coffee or cereal, due to the contribution of these kinds of 
food. The increase in free tryptophan in yoghurt improves its nutrition value, as 
more tryptophan is made available for the brain synthesis of the neurotransmitter 
serotonin, of which tryptophan is the precursor. 

INTRODUCTION 

Milk plays an important role in human nutrition, con- 
tributing 2&30% of proteins introduced in diet in de- 
veloped countries (Hambraeus, 1982). However, most 
milk is consumed as processed products, one of which 
is yoghurt. 

Yoghurt is a fermented milk product in which Lacto- 

bacillus bulgaricus and Streptococcus thermophilus, nor- 
mally the essential microbial species, together improve 
the nutritional value of fermented milks. In fact, they 
not only contain the same components as the milk, but 
also some products of transformation by these mi- 
croorganisms (Blanc, 1984). Due to the proteolytic ac- 
tivity of L. bulgaricus (So, 1984) milk proteins are 
partly digested, thus favouring absorption of amino 
acids (Blanc, 1984). 

Some authors have observed a marked increase in 
free amino acid contents (Bossi et al., 1982; Vass et al., 

1983; Khamagaeva et al., 1985), in particular lysine, 
threonine, valine, leucine, tyrosine and phenylalanine 
(Bossi et al., 1982) in fermented milk with respect to 
raw milk. Significant amounts of free D-amino acids 
have also been detected in yoghurt, attributed to the 
action of microorganisms (Palla et al., 1989; Brueckner 

& Hausch, 1990). 
The amino acid pattern and percentage of free amino 

acids change from sample to sample in fermented milk 
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products, probably on account of the different strains 
of microorganisms employed (Palla et al., 1989). 
Khamagaeva et al. (1985) observed that the levels of 
total free amino acids in sour milk fermented with L. 

bulgaricus (26.33 mg%) were higher than in milk fer- 
mented with Bzjidobacteria (17.75 mg%), but the latter 
contained more essential amino acids (40 vs 17% of the 
total). 

Amino acids are generally assumed to occur in foods 
as constituents of proteins. They may also be present in 
foods in free form, although in very small amounts 
(Ling et al., 1961; Johnson, 1974; George & Lebenthal, 
1981), but free tryptophan values are not reported in 
the literature. 

Recently (Allegri et al., 1993) we have begun to in- 
vestigate the occurrence of nonprotein tryptophan 
(protein-bound and free) in processed foods, in particu- 
lar those which undergo heat treatment such as ultra- 
high temperature (UHT) milk, and in products 
obtained by fermentation processes (yoghurt and 
cheese). Also, for these foods, there are no data in the 
literature regarding free tryptophan contents. 

In this paper we demonstrate that nonprotein trypto- 
phan is also present in yoghurt made from cow’s milk 
and that its concentrations are significantly higher than 
in raw milk. 

Various kinds of yoghurt are now marketed. We 
therefore analysed yoghurts prepared with raw, 
skimmed or partially skimmed milk, with or without 
fruit, coffee and cereals. 
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MATERIALS AND METHODS 

Materials 

The following kinds of market yoghurts made from 
cow’s milk, all containing L. buigaricus and S. ther- 
mophilus, were analysed (10 samples of each flavour 
from each manufacturer. When not reported, the 
amounts of fruit, cereals and coffee are not specified by 
the manufacturer): 

(a) Ala Zignago (Ala S.p.A., Fossalta di Portogru- 
aro, Venice): - made from whole milk, with or 
without apricot 7%, coffee 4O/o, prune 8.4% + 
wheat bran 0.7%; 

- made from skimmed milk. 
(b) Biospega (Spega S.r.l., Monticello Conte Otto, 

Vicenza): 
- made from whole milk, with or without cereals + 

w 

G 

(4 

coconut; 
made from skimmed milk 
Galbani (Galbani S.p.A., Melzo, Casale Cremasco, 
Cremona): 
made from whole milk; 
made from skimmed milk. 
Danone (Gervais Danone S.p.A.. Casale Cremasco, 
Cremona): 
made from whole milk, with or without citrus 
fruits, peach, strawberry, berry fruits, banana, 
apricot, cereals; 
made from skimmed milk, with or without 
pineapple, strawberry, berry fruits. 
11 Compatto - Torre in Pietra (Torre in Pietra 
S.p.A., Torrinpietra, Rome): 

- made from whole milk, with or without straw- 
berry, berry fruits, banana, cereals. 

(f) Parmalat (Parmalat S.p.A.. Collecchio, Parma): 
- made from whole milk, with or without banana, 

strawberry, pear + fig, apricot, berry fruits, cereals. 
(g) Torvis (Torvis S.R.L., Torviscosa, Udine): 
- made from skimmed milk. 
(h) Yogo Di’ (Alvi Cooperativa latte Alto Vicentino 

s.c.a r.l., Bassano de1 Grappa, Vicenza): 
made from whole milk, with or without citrus 
fruits, pineapple, strawberry, blueberry, other 
berry fruits, banana, apricot, coffee, malt; 
made from skimmed milk, with or without apricot. 
Yomo (Yomo S.p.A., Milan): 
made from whole milk, with or without pineap- 
ple, citrus fruits (orange and lemon), strawberry, 
raspberry, blueberry, cherry, banana, pear, apri- 
cot, cereals, coffee; 
made from skimmed milk, with or without straw- 
berry and berry fruits. 

Besides yoghurts, 10 samples of UHT cow’s milk 
from commercial sources were analysed. 

Preparation of samples and analytical procedure 

The yoghurt samples were diluted 1: 4 with distilled 

water. Aliquots were used to measure pH, ranging 
from 3.7 to 4.0. An aliquot was then centrifuged for 10 
min at 3000 rpm. 

The supernatant (10 ~1) was used to determine total 
nonprotein tryptophan (protein-bound and free). The 
free form of tryptophan was obtained by ultrafiltering 
4 ml of the supernatant through an ultrafiltration cell 
(Amicon Model 12, Amicon, Oosterhout, The Nether- 
lands) with an XM-50 (Diaflo) membrane (Amicon). Only 
the first 0.4 ml of filtrate was collected (Eccleston 1973), 
10 ~1 of which was used to determine free tryptophan. 

Total nonprotein (protein-bound and free) and free 
tryptophan were measured by a combined high-perfor- 
mance liquid chromatography (HPLC) fluorescence 
system, using the stop-flow technique according to the 
methods of Better0 et al. (1984) and Costa et al. (1987). 

Apparatus 

A Perkin-Elmer series 3B liquid chromatograph (Nor- 
walk, CT, USA) equipped with an LS-4 fluorimetric de- 
tector connected by an ASV-1 automatic switching valve 
to an ISS-100 intelligent sampling system, and a Perkin- 
Elmer 3600 luminescence spectrophotometer connected 
to a Perkin-Elmer Sigma 15 data system were employed. 
Chromatographic separation was achieved at room tem- 
perature by an RP-8 (5 pm) Merck column equipped 
with a precolumn packed with Lichroprep RP-8 (20-40 
pm). The mobile phase consisted of acetonitrile-aqueous 
phosphate (0.004 M, pH 3.5) in isocratic elution (15:85, 
v/v). The flow rate was 1 ml/min. Excitation and emis- 
sion wavelengths were 285 and 345 nm respectively. 

A 10 ~1 sample of milk or yoghurt solution was in- 
jected directly by an automatic sampling device, after 
filtration through a 0.45 pm millipore filter (Millipore, 
Molsheim, France). 

RESULTS 

The contents of total nonprotein (protein-bound and 
free) and free tryptophan (mg/kg) in cow’s milk and 
various kinds of plain yoghurt derived from cow’s milk 
are given in Table 1. The solutions of these yoghurts, 
obtained from whole and skimmed milk and prepared 
as in the experimental section, showed a mean value of 
pH 3.9. As Table 1 shows, the tryptophan concentra- 
tions in various samples reveal significant differences 
(P < O.OOl), as compared with ordinary milk samples, 
both for total nonprotein (protein-bound and free) and 
free tryptophan. The free fraction varied among the yo- 
ghurts, ranging from 64% in the Galbani sample to 
96% in the Biospega sample, as a percentage of free 
plus bound tryptophan. The values of nonprotein tryp- 
tophan in yoghurts made from whole and skimmed 
milk also showed some fluctuations. In plain yoghurt 
made from whole or skimmed milk, the mean values of 
total nonprotein tryptophan were 3.45 + 0.46 and 3.25 
f 0.38 mg/kg, respectively, that is, five to six times 
higher than in cow’s milk (0.59 f 0.05 and 0.60 + 0.06 
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1. Contents (mean values f SD.) of total nonprotein (protein-bmmd and free) and free tryptophan (mgkg) in plain yoghurt 
made from whole or skimmed cow’s milk 

Yoghurt Tryptophan (mg/kg) 

Whole milk Skimmed milk 

Total Free Total Free 

Cow’s milk 
(UHT long life) 0.59 + 0.05 0.35 f 0.08 060 f 0.06 0.36 f 0.10 
Ala Zignago 3.89 + 0.36 2.85 f 0.37 3.81 + 0.53 2.89 f 0.35 
Biospega 344 f 0.53 3.32 f 064 3.04 f 0.41 2.92 f 0.37 
Danone 3.19 * 0.53 2.69 + 0.49 3.06 f 0.69 2.28 f 064 
Galbani 3.03 f 0.55 1.91 + 0.42 3.25 + 0.24 2.10 f 0.10 
Parmalat’ 2.88 f 0.49 2.28 f 0.28 
Torre in Pietra 4.65 + 0.55 4.13 + 0.66 
Torvis 3.85 * 0.20 2.39 f 0.55 
Yogo Di 3.52 f 0.17 2.73 + 0.58 3.15 f 0.15 2.72 f 0.09 
Yom0 3.00 f 0.45 2.20 + O-48 2.62 i 0.40 1.79 + 0.37 
Mean f S.D. 3.45 + 0.46’ 2.76 f 0.50’ 3.25 f 0.38b 244 f 0.36b 

“Kyr: yoghurt and milk fermented with Luctobacillus acidophilus and BiJdobacterium. 
bStatistically significant values with respect to cow’s milk at the P< 0.001 level (Student’s t-test). 

mglkg). The free form of the amino acid was seven to 
eight times higher (2.76 + 0.50 and 244 f 0.36 mg/kg) 
than in cow’s milk (0.35 + 0.08 and 0.36 f 0.10 mg/kg). 

Tables 2 and 3 show the contents of total nonprotein 
tryptophan and free form (mg/kg) in various fruit- 
flavoured yoghurts obtained from whole and skimmed 
milk, respectively. The pH values of these samples (di- 
lution 1 : 4) ranged from 3.7 (raspberry) to 3.9 (berry 
fruits). The mean values of total nonprotein and free 
tryptophan varied, depending on the kind or amount 
of fruit, and were generally similar to those of plain yo- 
ghurt. However, the values fluctuated within each type 
of yoghurt. The percentage of free tryptophan ranged 
from about 60 to 90%, as percentages of free plus 
bound tryptophan. 

Total nonprotein and free tryptophan concentrations 
of the various kinds of yogurts with cereals or coffee 
are given in Table 4. There was little variation in the 
pH values for these yoghurts (pH 3.8-40). The values 
of both fractions of nonprotein tryptophan are clearly 
much higher than those of plain yoghurt, although 
large variations in tryptophan contents appear from 
this table, depending on the different contribution of 
this kind of food. 

DISCUSSION 

According to Miller & Kandler (1964, 1967), yoghurt 
containing L. bulgaricus and S. thermophilus and ready 
for consumption has a content of free amino acid 
(300-500 mg/litre) higher than that of milk. These au- 
thors observed that the most intensive proteolysis oc- 
curred during the lag phase of growth of the 
microorganisms. Miller & Kandler (1967) also found 
that the content of free amino acids was influenced to 
some extent by the predominating species of organisms 

present in the raw milk flora. In a yoghurt product 
kept at 4°C for 5 days, they observed that there was a 
striking increase in the concentration of all amino 
acids; the proline concentration above all was up to 
500 pmolilitre (Miller & Kandler, 1966). 

In a study on the amino acids of yoghurt, Rasic et 
al. (1971) reported that glutamic acid and proline were 
increased in the highest quantity in yoghurt, whereas 
methionine was present in the lowest quantity. Among 
the essential amino acids, valine, lysine and leucine 
were the most representative. Breslaw & Kleis (1973) 
found free amino acid contents in finished yoghurt 
products considerably higher than those obtained by 
Miller & Kandler (1964), i.e. 956 and 995 mg/litre. 

The results of this study indicate that the quantities 
of nonprotein and free tryptophan also increase during 
yoghurt manufacture, from the yoghurt milk to the final 
product, the levels of both fractions being markedly 
higher than in the original milk. We did not usually 
find great differences in the concentrations of free and 
total nonprotein tryptophan in various fruit-flavoured 
yoghurts, their values being very similar to those of 
plain yoghurt. However, some foods such as coffee or 
cereals added to yoghurt considerably increased the 
content of non-protein tryptophan. For example, we 
found that various samples of ordinary lyophilized 
coffee contain from 30 to 100 mg/kg of non-protein 
tryptophan (data not published). 

The variation in tryptophan levels within each kind 
of yoghurt is an indication of how proteolysis infl- 
uences the free amino acid content in these foods. In 
fact, the digestibility of proteins in yoghurts varies ac- 
cording to the activity of the microorganisms present in 
them and to the period elapsing between the date of 
production and that of testing. 

The increase in free tryptophan in yoghurt improves 
the nutrition value, as it makes more tryptophan avail- 
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Table 3. Concentratiotrs (mean values f SD.) of total nonproteio (protein-bouod aad free) and free tryptophan (mglkg) in fruit- 
flavoured yoghurts made from skimmed cow’s milk 

Yoghurt Tryptophan (mg/kg) 

Pineapple Strawberry Berry fruits Pear 

Total Free Total Free Total Free Total Free 

Danone 3.50 2.73 2.84 2.46 3.29 2.35 
HI.66 H.37 HI.84 HI.53 HI.84 HI.92 

Yogo Di 2.77 2.14 
HI.42 HI.10 

Yom0 4.46 3.25 3.04 2.79 
ti.41 HI.08 zHI.52 H.63 

Mean + SD. 3.50 2.73 3.65 2.85 3.16 2.57 2.77 2.14“ 
HI.66 HI.37 HI.63 HI.31 H.68 HI.78 HI.42 HI.10 

“Statistically significant values with respect to those of plain yoghurt at the P < 0.005 level (Student’s t-test). 

Table 4. Concentrations of total nonprotein (protein-bound and free) and free tryptopbao (mgikg) in yoghurts with cereals or coffee 
(mean values f SD.) 

Yoghurt 

Ala Zignago 

Biospega 

Parmalat 

Torre in Pietra 

Yogo Di 

Yom0 

Tryptophan (mg/kg) 

Cereals COfflX Malt 

Total Free Total Free Total Free 

10.03 6.25 7.36 5.28 
f2.30 f2.24 fl.65 f0.73 

6.80 5.00 
fl.85 fl.48 

8.52 6.88 
kl.56 fl.12 

6.80 3.80 
fl.15 ti.88 

5.48 4.00 
kO.37 kl.34 

9.20 6.02 10.49 8.60 8.91 6.00 
k2.65 HJ.53 k2.57 fl.61 kl.68 51.60 

able to the brain (Tagliamonte et al., 1973). In fact, it 
is known that tryptophan is the only amino acid bound 
80-90% to plasma albumin (McMenamy & Oncley, 
1958). The small free fraction, the only one capable of 
crossing the blood-brain barrier, has great functional 
importance, since its availability appears to be an im- 
portant factor in the brain synthesis of the neurotrans- 
mitter serotonin, of which tryptophan is the precursor 
(Fernstrom & Wurtman, 1971; Knott & Curzon, 1972; 
Tagliamonte et al., 1973; Gessa & Tagliamonte, 1974). 

In a comparative study of the plasma amino acids of 
rats fed on milk and yoghurt, Wong et al. (1984) ob- 
served that yoghurt-fed rats showed higher levels of 
plasma amino acids, indicating improved digestibility 
and/or amino acid absorption, which may contribute to 
the growth-stimulating effect of yoghurt. Vass et al. 
(1983) in feeding experiments also found that rats 
showed higher weight gain from fermented milk diets 
than from nonfermented milk diets. 

In conclusion, yoghurt improves the nutritional value 
of milk, as the protein digestibility increases during fer- 
mentation, due to the proteolysis characteristic of mi- 
croorganisms. Of the various kinds of market yoghurts, 
some variations in proteolysis occur, considering the di- 
fferent contents in free amino acids as reported in the 
literature. This also happens for nonprotein tryptophan. 

The chemical changes which take place during 
yoghurt manufacture are, therefore, of great interest, 
as the nutritional value of yoghurt also depends on 
them. 

ACKNOWLEDGEMENTS 

This work was supported by research grants from 
MURST and the Centro di Studio sulla Chimica de1 
Farmaco e dei Prodotti Biologicamente Attivi de1 CNR, 
CNR, Rome. 



92 A4. Biasiolo, A. Bertazzo, C. Costa, A. Beghetto, G. Allegri 

REFERENCES 

Allegri G., Biasiolo, M., Costa, C., Bettero, A. & Bertazzo, 
A. (1993). Content of non protein tryptophan in human 
milk, bovine milk and milk- and soy-based formulas. Food 
Chem., 47, 23-l. 

Bettero, A., Costa C. & Allegri, G. (1984). Monitoring of 
tryptophan levels in biological fluids by HPLC: an im- 
proved method. In Progress in Tryptophan and Serotonin 
Research, eds H. G. Schlossberger, W. Kochen, B. Linzen 
& H. Steinhart. W. de Gruyter, Berlin, pp. 61-6. 

Blanc, B. (1984). The nutritional value of fermented dairy 
products. Bull. Int. Dairy Fed., 179, 33-53. 

Bossi M. G., Carminati D. & Bettoni L. (1982). Aspetti nu- 
trizionali e terapeutici di latti fermentati. Znd. Latte, 22, 19-35. 

Breslaw, E. S. & Kleis D. H. (1973). In vitro digestibility of 
protein in yogurt at various stages of processing. J. Food 
Sci., 38, 101621. 

Brueckner, H. & Hausch, M. (1990). o-amino acids in dairy 
products: detection, origin and nutritional aspects. I. Milk, 
fermented milk, fresh cheese and acid curd cheese. Milch- 
wissenschaft, 45(6), 357-60. 

Costa, C., Bettero, A. & Allegri, G. (1987). Rapid measure- 
ment of tryptophan, 5- hydroxytryptophan, serotonin and 
S-hydroxyindoleacetic acid in human CSF by selective 
fluorescence and HPLC. Gior. It. Chim. Clin., 12, 307-12. 

Eccleston, E. G. (1973). A method for the estimation of free 
and total acid-soluble plasma tryptophan using an ultrafil- 
tration technique. Clin. Chim. Acta, 48, 269-72. 

Fernstrom, J. D. & Wurtman, R. J. (1971). Brain serotonin 
content: physiological dependence on plasma tryptophan 
levels. Science, 173, 149-52. 

George, D. E. & Lebenthal, E. (1981). Human breast milk in 
comparison to cow’s milk. In Textbook of Gastroenterology 
and Nutrition in Infancy, ed. E. Lebenthal. Raven Press, 
New York, pp. 295-320. 

Gessa, G. L. & Tagliamonte, A. (1974). Possible role of free 
serum tryptophan in the control of brain tryptophan level 
and serotonin synthesis. Adv. Biochem. Psychopharmacol., 
11, 119-31. 

Hambraeus, L. (1982). Nutritional aspects of milk proteins. 
Dev. Dairy Chem., 1, 289-313. 

Johnson, A. H. (1974). Composition of milk. In Fundamen- 
tals of Dairy Chemistry, ed. B. H. Webb, A. H. Johnson & 
J. A. Alford. AVI Publishing, Westport. CN, pp. l-57. 

Khamagaeva, I. S., Khammaeva, N. I., Tovarov, V. F. & 
Sharobaiko, V. I. (1985). Study of free amino acids in milk 

clotting. Zzv. Vyssh. Uchebn. Zaved. Pishch. Tekhnol., 
107-8; Chem. Abstr., 103, (1985) 121 941 m. 

Knott, P. J. Jr Curzon, G. (1972). Free tryptophan in plasma 
and brain tryptophan metabolism. Nature, 239, 452-53. 

Ling, E. R., Kon, S. K. & Porter, J. W. G. (1961). Composi- 
tion of milk and nutritive value of its components. In Milk: 
The Mammary Gland and Its Secretion, Vol. II, eds S. K. Kon 
& A. T. Cowie. Academic Press, New York, pp. 195-263. 

McMenamy, R. H. & Oncley, J. L. (1958). The specific bind- 
ing of L-tryptophan to serum albumin. .Z. Biol. Chem., 233, 
143647. 

Miller, I. & Kandler 0. (1964). Breakdown of protein in sour 
milks. I. Free amino acids in yoghurt, bioyoghurt, and acid- 
ophilus milk. Med. Ernaehrung, 5, 100-8. 

Miller I. & Kandler, 0. (1966). The free amimo acids in fer- 
mented milks. In Proc. 17th Znt. Dairy Congress, Munich, 
Vol. 5, pp. 625-35. 

Miller, I. & Kandler, 0. (1967a). Proteolysis and liberation of 
free amino acids by lactic acid bacteria in milk. Milchwis- 
senschaft, 22, 150-9. 

Miller, I & Kandler, 0. (19676). Influence of the raw milk 
flora on the content of free amino acids and other soluble 
N fractions. Milchwissenschaft, 22, 435-9. 

Palla, G., Marchelli, R., Dossena, A. & Casnati, G. (1989). 
Occurrence of D-amino acids in food. Detection by capillary 
gas chromatography and by reversed-phase high-perfor- 
mance liquid chromatography with t_-phenylalaninamides 
as chiral selectors. J. Chromatogr., 475, 45-53. 

Rasic, J., Stojsavljevic, T. & Curcic, R. (1971). A study on 
the amino acids of yoghurt. II. Amino acid content and bi- 
ological value of the proteins of different kinds of yoghurt. 
Milchwissenschaft, 26, 2 19-24. 

So, M. H. (1984). Influences of proteolytic ability of lactic acid 
bacteria on acid production and precipitates occurrence in 
liquid yogurt preparation. Sanop Misaengmul Hakhoechi, 
12(4), 285-91; Chem Abstr. 103 (1985) 177 169 h. 

Tagliamonte, A., Biggio, G., Vargiu, L. & Gessa, G. L. 
(1973). Free tryptophan in serum controls: brain trypto- 
phan level and serotonin synthesis. Life Sci., 12, 277-87. 

Vass, A., Szakaly, S. & Schmidt, P. (1983). Nutritional-bio- 
logical study of fermented dairy products. In Taplalkozas- 
tud. Helyzete Feladatai Magyarorszagon. 8th 1981, eds G. 
Mozsik, T. Javor & S. Szakaly, Akad. Kiado, Budapest, 
pp. 55-61. 

Wong, N. P., Walton, D. K. & Beecher, G. (1984). A prelimi- 
nary comparison on the plasma amino acid of rats fed milk 
and yogurt. Nutr. Rep. Znt., 29(3), 727-34. 


