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The evolution of non-protein-nitrogen (NPN), total and free amino acids in reduced fat Cheddar cheese,
prepared by formulated milk for Cheddar cheese with optimized texture, using a single and mixture of
adjunct starter cultures during storage was studied. The concentrations of NPN, free and total amino
acids were significantly affected by the type of microorganism present and the storage time. The total
concentration of free amino acids (TFAA) and NPN in reduced fat cheeses inoculated with adjunct
starter culture were higher than full fat control cheese without any adjunct starter culture. Also, higher
level of TFAA and NPN were observed in reduced fat cheeses made with single culture of Lactobacillus
helveticus. The concentration of glutamine, methionine and leucine as major precursors and
contributors to sapid taste and flavor compound in reduced fat cheeses made with single culture of L.
helveticus were higher than reduced fat Cheddar cheeses inoculated with Lactobacillus casei and
Streptococcus thermophilus, and even higher than full fat control cheese made with usual mesophilic

starter culture.
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INTRODUCTION

Over the past decade, dietary fat has been linked to risk
of diseases such as coronary heart disease, obesity and
breast cancer which are related to oxidation of lipid. This
health risk has necessitated the need for improved
consumer awareness and a vivid change in the supply
and demand for low-fat foods, including cheese (Katsiari
et al., 2002). However, due to poor consumer perception
of the products, as a result of inadequate taste and
texture, the consumption of reduced-fat cheeses still
remains significantly low. Generally, low fat cheeses tend
to have low intensity of taste, typical flavor, and rubbery,
hard, dry and grainy textures (Banks, 2004). Therefore,
the challenge in reduced fat cheese development is to
improve both the sensory attributes and texture of the

Abbreviations: NPN, Non-protein-nitrogen; TFAA, total of free
amino acids.

product to produce a cheese which is comparable to its
full-fat counterpart. In the light of this, quite a number of
methods have been investigated in an effort to improve
the texture and flavor of reduced-fat cheeses, for
example, using fat replacers and adjunct -cultures,
respectively (Banks, 2004). A number of researchers
have attempted to study a combination of these methods.
Fat replacers are effective components that improve the
textural properties of reduced fat cheeses. Moreover,
adding adjunct starter cultures have shown great promise
in the manufacturing of reduced-fat cheeses with reduced
defects and improved flavor (Drake et al., 1997).

Basically, an adjunct is a culture used in addition to a
regular lactic starter culture. Adjunct starter cultures can
perform an essential function in reduced fat cheese
manufacture by increasing proteolysis, particularly amino-
peptidase activity resulting in a decrease of bitterness
and an increase in the levels of desirable flavor peptides
and precursors of volatile flavor compounds.
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Lactobacillus species are the most usual adjunct
cultures applied in reduced fat cheeses (Drake et al.,
1997). Skeie et al. (1995) reported an in-depth study on
the potential of Lactobacillus helveticus CNRZ 303 as an
adjunct culture in improving quality of low fat Gouda
cheeses and their findings concluded that such a culture
have the potentials to improve flavor, accelerate
proteolysis and decrease bitterness of the low fat
cheeses. Previous investigation by Drake et al. (1996) on
the use of L. helveticus WSU19 as an adjunct culture
reported a tremendous improvement in flavor of full fat
Cheddar cheeses based on responses from both trained
and consumer panelists. In another study Drake et al.
(1997) reported that reduced fat cheeses inoculated with
L. helveticus WSU19 as an adjunct culture showed
higher oaky/nutty flavor, more proteolysis and less
bitterness in contrast to control reduced fat cheeses.
Katsiari et al. (2002) observed that low-fat cheeses that
contained Lactobacillus casei as adjunct cultures
exhibited flavor scores that are parallel to those of the
full-fat cheese, but with much lower texture and body
scores. Guinee et al. (1999) studied the effect of
Streptococcus thermophilus as adjunct starter culture on
the improvement of half-fat Cheddar cheese flavor and
compared it with half fat Cheddar cheeses without any
adjunct starter culture as control. Their findings
demonstrated that the samples that were inoculated with
S. thermophilus contain significantly higher levels of low
molecular mass peptides and free amino acids compared
to the control half-fat Cheddar cheese. It is interesting to
note that identification and selection of suitable adjunct
cultures which produce a premium quality reduced-fat
cheese will be useful to the industry and also have
implications for use in accelerated ripening of reduced-fat
cheeses’ flavor and texture development (Tarakci and
Tuncturk, 2008).

The objectives of this study were to investigate the
effect of L. helveticus, L. casei and S. thermophilus
(individually and in combination) on the quality of
reduced-fat Cheddar cheese manufacture, using an
optimized cheese milk formula containing 2% cheese
milk fat and enriched with 0.045% xanthan gum as fat
replacer; and to examine the chemical composition,
biochemical changes during ripening (75 days at 12°C),
and finally to find out an appropriate adjunct culture in
combination with xanthan gum that can be to
manufacture reduced-fat Cheddar cheese with similar
quality (textural properties and flavor compounds) as that
of the full-fat counterpart.

MATERIALS AND METHODS
Samples and chemicals
Fresh milk was collected in the morning from a farm located in

Universiti Putra Malaysia shortly before commencement of the
trials. Direct-to-vat frozen starter cultures: R-704 (Lactococcus

lactis, spp cremories, and Lactococcus lactis, spp lactis), LH-BO; (L.
helveticus), Lb.casei-0; (L. casei), ST-B0: (S. thermophilus) and
standard cheese rennet (single-strength fermentation-derived
chymosin) were kindly donated by Chr. Hansen (Milwaukee, WI,
USA). Xanthan gum as a carbohydrate based fat replacer (food-
grade) was purchased from V.I.S. Foodtech Ingredient Supplies
(Kuala Lumpur, Malaysia). Sodium phosphate monobasic
monohydrate, sodium hydroxide, boric acid, acetonitrile (LC grade),
methanol (LC grade), and Trichloroacetic acid (TCA) were obtained
from Merck KGaA (Darmstadt, Germany). Hydrochloric acid was
obtained from Sigma-Aldrich (St. Louis, MO). Amino acid standard
mixture, Borate buffer (0.4 N in water, pH 10.2) and o-
phthalaldehyde (OPA) were obtained from Agilent (Agilent
Technologies, Waldbronn, Germany).

Preparation of Cheddar cheese

Reduced-fat Cheddar cheeses were made by using 30 L pasteuri-
zed milk prepared based on the best optimum point and formulation
from full factorial design (cheese milk fat: 2%, xanthan gum:
0.045%) with 90% textural desirability (Nateghi et al., 2012). The
enriched milks for each batch were inoculated with 0.015 g/kg
direct-to-vat frozen commercial mesophilic lactic cultures (R-704).
In order to develop flavor compound in the reduced-fat samples,
single and mixed adjunct starter cultures (L. helveticus, L. casei and
S. thermophilus) were added alongside the commercial starter
culture, as shown in Table 1. Full fat Cheddar cheese was made
from whole milk (3.5% w/w fat) and inoculated with 0.015 g/kg
direct-to-vat frozen commercial mesophilic lactic cultures (R-704)
without adding adjunct starter cultures. Cheeses were prepared in
duplicate batches in a completely randomized design (CRD) and
according to the procedures of Awad et al. (2005). The fresh
cheese samples were removed from the mold, packed in oxygen
barrier (Cryovac bags) by vacuum packaging machine (Model vac
master, Kansas, USA) and ripened at 12°C and a relative humidity
of about 85% for six ripening periods. Samples from each cheese
were taken for analyses at 0, 15, 30, 45, 60 and 75 days after
production.

Non-protein-nitrogen (NPN) solubility in tricholoroacetic acid
(TCA)

NPN solubility in TCA (12%) was determined at six ripening periods
(0, 15, 30, 45, 60 and 75 day) by the method described by Barbano
et al. (1991). Grated cheese samples were blended in TCA followed
by centrifugation (Sartorius 3-18 K, Sigma, Germany), at 3,000xg
for 30 min at 4°C in order to precipitate the protein compounds. The
filtrate was analyzed for nitrogen content by the Kjeldahl method
according to AOAC (1997) method.

Total and free amino acids measurement

In the present study, amino acids and free amino acids content
were determined by using reverse-phase high performance liquid
chromatography (RP-HPLC) with ultraviolet-visible (UV-Vis)
detection. In order to perform extraction of total amino acids, Pico-
Tag method (White et al., 1986) was used. 0.2 gram of samples
were weighed in a close test tube and then hydrolyzed by adding
15 ml HCI (6 mol/L), followed by thorough mixing in a screw-cap
test tube (Agilent Technologies, Waldbronn, Germany). The mixture
was flushed with nitrogen gas for 1 min and then incubated for 24 h
at 110°C. After cooling, the sample was poured in volumetric flask,
made up to volume (50 ml) with deionized water, and then filtered
with Whatman filter paper No.1 (5-10 ml of first and final portions of
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Table 1. Changes in NPN of reduced-fat and full-fat Cheddar cheeses during ripening time*
Code of . . 2
. . Concentration Storage time (day) ANOVA
Batch  Adjunct starter culture the adjunct CFU
starter culture (CFU) 0 15 30 45 60 75 M TH M
1 control full-fat Cheddar cheese N None 0.26""  1.48°% 179°¢ 1.97°° 224'F 2.39°F £ ox *
2 L. helveticus H 10° 0.44*"  237*® 288*¢ 325" 373*F 385%F L *
L. casei C 10° 031" 220" 228°® 201" 3.10°° 3.38"F £ *
4 S. thermophilus T 10° 0.25%" 155" 230%¢ 259°° 288%F 3.15°F L *
5 S. thermophilus+ L. casei+ L. helveticus T+C+H 10%°+10%%+10%®  0.29%* 163" 1.77°¢ 2.30°° 251°F 2.79%F o x *
6 L. casei + L. helveticus C+H 10*+10* 0.38°"  1.89°®  221°¢ 252°° 271%F 288" x *
7 S. thermophilus+ L. helveticus T+H 10*+10* 026%"  202°B  2§1°C 2go"0 301PcP  3.93°E * " .
8 ___S.thermophilus, L. casei T+C 10*+10* 0.38°% 1.59°® 200%¢ 2.29"° 271%F 285°F x x4

All reduced-fat and full-fat cheeses were inoculated with 0.015 g/kg Direct-to-vat frozen commercial mesophilic lactic cultures (R-704). *, Values are reported as Mean of triplicate; >, ANOVA was
performed using 2 way ANOVA. * = (p < 0.05); *, Microorganism type; ¢, Storage time; °, Microorganism type* Storage time; ** significant difference between columns at confidence level of p < 0.05; *,

significant difference within columns at confidence level of p < 0.05.

filtrate discarded). In order to remove high molecular
weight proteins and lipids from samples prior to amino acid
analysis, the samples were passed through a Sep-pak C18
cartridge and then refiltered through 0.2 pm regenerated
cellulose syringe filter (Agilent Technologies, Waldbronn,
Germany).

The extraction process of free amino acids followed the
recommendations of Garcia-Palmer et al. (1997). One
gram of samples was homogenized in 10 ml of 0.1 N HCI
in a Teflon glass homogenizer operated by a power drill
(Black and Decker) at 1600 rpm. After centrifugation (10
min at 3000xg), 1 ml of the supernatant was deproteinized
with 1 ml of 40% TCA and centrifuged (Sartorius 3-18 K,
Sigma, Germany) for 10 min at 17,800xg. The extracted
samples (amino acids and free amino acids) were
automatically derivatized with OPA by programming the
robotic autosampler according to the method published by

Henderson et al. (1999). After derivatization, 0.5 pL of each
sample was injected into Zorbax Eclipse-amino acid
analysis (AAA) column (5 pm, 150 x 4.6 mm) (Agilent
Technologies, Waldbronn, Germany) at 40°C, with
detection at A = 338 nm. Mobile phase A was 40 mM
NaH,PO,, adjusted to pH 7.8 with NaOH, while mobile
phase B was acetonitrile/methanol/water (45/45/10 viviv).
The separation was obtained at flow rate of 2 ml/min with a
gradient program in a total analysis time of 26 min.
Concentration of each amino acid was expressed as
nanomol/g of sample.

Statistical analyses

Data analyses were based on completely randomized

design (CRD). In the chromatography analysis, the peak
area of each compound was considered as the response
variable, while the type of starter culture and storage times
were considered as the independent variables in this study.
The data obtained from the measurements were subjected
to univariate one way analysis of variance (ANOVA) to
determine the significant differences among the sample
and values were compared using the Tukey’s test defined
at (p < 0.05).

Two way analysis of variance (ANOVA) was used to
determine the significant interaction effect of independent
variables on response variable on each chemical
compound. All measurements were carried out in triplicates
and reported as the mean of independent trials. The data
analyses was performed by using MINITAB statistical
software, release 14.2 (MINITAB Inc., state college, PA
and USA).
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RESULTS AND DISCUSSION
Non-protein-nitrogen

NPN is used to evaluate medium to small size peptides,
amino acids, and smaller nitrogen compounds, including
ammonium, urea, and amines. Changes in NPN index
throughout cheese storage are shown in Table 1. A
significant (p < 0.05) increment in initial NPN content was
observed in all samples during storage time. This is
consistent with previous study by Dabour et al. (2006).
Due to different proteolytic activity of adjunct starter
culture, the results of Table 1 indicated significant (p <
0.05) differences in initial NPN levels (0 day) within some
experimental groups. The results of the current study also
showed that the increase in NPN was more intense
during the first 15 days of the ripening period. A similar
trend for NPN changes in Feta cheese was previously
reported by Katsiari et al. (2000). Generally, after milk
coagulation, NPN value significantly increased in
coagulates as proteolytic enzymes break down casein at
various bonds to yield peptide and macro peptides
(Emmons et al., 1990). Results obtained showed that the
levels of NPN in samples containing single culture of L.
helveticus and then L. casei were higher when compared
with other samples during the ripening time. This
indicates that both strains possessed high proteolytic
activity which might have contributed to the liberation of
more peptides. The rennet and adjunct starter culture
contributed to the formation of both the peptides and
soluble peptides. The peptidase and proteinase enzymes
from the adjuncts starter culture are capable of
hydrolyzing effectively, thus releasing more intermediate
and smaller size peptides. These soluble nitrogenous
compounds can contribute directly to cheese flavor. This
was more evident after 30 days of storage possibly due
to availability of more primary proteolysis products as
substrates for the subsequent proteolysis by L. helveticus
and L. casei. The results obtained also indicate that NPN
concentration was noticeably (p < 0.05) influenced by the
type of microorganism, storage time and their interactions
(Table 1). Towards the final stage of maturation, concen-
tration of NPN in cheeses inoculated with L. helveticus
followed by L. casei were significantly higher (p < 0.05)
than the control cheese as a result of the production of
more proteinase enzymes by adjunct starter culture.

Free amino acids

Generally, the presence of free amino acids liberated in
cheese can be used as an indicator of the proteolytic
activities. It has long been noted that proteolysis is one of
the main biochemical events, which take place
throughout cheese ripening, and its products such as
peptides and free amino acids can exhibit a remarkable

effect on the sensory characteristics of cheese (Poveda
et al., 2004). Subsequently, free amino acids produced
can play direct role in the basic taste of the cheese and
indirect function to cheese flavor, since they are
precursors for the other catabolic reactions, giving rise to
volatile aroma compounds (Wallace and Fox, 1997).
Starter cultures are known to play a major role during
ripening, because of their ability to contribute to the
aroma and flavor of the cheese owing to carbohydrate
metabolism, proteolysis, and to a lesser degree lipolysis
(Hynes et al., 2003).

In this study, the effect of individual and mixed
contribution of 3 strains of adjunct starter cultures (L.
helveticus, L. casei, S. thermophilus) to produce free
amino acids in a reduced fat Cheddar cheese was
assessed and compared with control full-fat Cheddar
cheese (without adjunct starter culture). The results show
that 16 amino acids were detected and that their amounts
were significantly (p < 0.05) influenced by the type of
adjunct starter culture and storage time. Similar obser-
vations have been reported by Vicente et al. (2001) which
evaluated the effect of starter and rennet type on free
amino acid release during ripening of Idiazabal cheese.
Their results indicated that the release of free amino
acids were significantly (p < 0.001) affected by starter
added to the cheese and ripening time. In agreement with
the result of the current study, Poveda et al. (2004)
pointed out that the concentration of the different free
amino acids in cheese are mainly influenced by the kind
of manufacturing technology employed. The evolutions of
free amino acids (FAA) during ripening of Cheddar
cheese are presented in Table 2.

The results show that the concentration of all free
amino acids in all reduced-and full-fat Cheddar cheeses
increased with maturation time, as a result of proteolysis.
Free amino acids are released by the proteolytic agents,
mainly by the microbial enzymes through the biochemical
reactions that take place during cheese ripening (Poveda
et al., 2004). Cheeses produced using adjunct treated
cheeses contained significantly higher concentrations of
free fatty acid (FAA) (p <0.05) in comparison with control
full-fat Cheddar cheese. Addition of adjunct starter
cultures to cheeses caused a significant increase in
proteolysis contributing thus to the production of small
peptides and free amino acids.

The result of the current study revealed that the final
concentration of total free amino acids (TFAAS) in
reduced fat cheeses inoculated with single culture of L.
helveticus were significantly higher than the other
reduced fat cheeses including full fat control cheeses
(Table 2). In addition, combination of L. helveticus with L.
casei and S. thermophilus increased the ability of these
samples to produce higher level of TFAAs. As shown in
Table 3, the final concentration of TFAAs in H+T and
H+C reduced-fat cheeses were higher than other
experimental cheeses except for sample H. The highest
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Table 2. Evolution of the individual free amino acids during ripening of Cheddar cheeses made without adjunct culture and with L. helveticus, L. casei and S. thermophilus as adjunct starter
culture’.

Ripening Time*
Amino . S. thermophilus, L. casei , S. thermophilus ,
acid No adjunct L helveticus (H)* L. casei (C)* S. thermophilus (T)* Fand L. casei and L o ons | S:thermophilus and
(nmolig) starter culture (N) L. helveticus (T+C+H)* L. helveticus (C+H)* (T+H)* L. casei (T+C)*

0 30 75 0 30 75 0 30 75 0 30 75 0 30 75 0 30 75 0 30 75 0 30 75

Asp Nda Nda Nda | Nda  0.20c  0.66¢ = Nda Nda Nda Nda  Nda Nda Nda Nda Nda Nda Nda Nda Nda 019  0.61¢ | Nde Nda Nda
Glu 039 098 214" 183 317>  6.34c 099 178c 294¢ | 0702 157> 3.81¢ | 0.54a 1.30p 266¢ 1612 232> 459 | 0912 2.05< 506¢ | 1202 257 369
Ser Nde=  0.16bc  0.25¢ = Nd=  0.23c 0.68¢ | Nda Nda  0.33¢ = Nd= 0.21c 041e = Nde 0.120 0.34e | Nd= 0.28c 048! | Nd= 023  067F | Nd= 0.24c  0.50f
His Nda Nda Nda | Nda 049  1.40¢ = Nda Nda  0.44c = Nd= 022> 0.57¢ @ Nde Nda 045¢ | Nd= 028 0.73¢ | Nd= 035 1.17¢ | Nde Nda 0.46¢
Gly Nde 013> 039 0.5 0.610 232 | 0132 035 0.70c 0132 042> 093¢  Nde 0.35¢ 087f 0162 0272  087c | Nd=  0.69  1.66¢  0.112 044c  0.89%
Thr Nda Nda Nda | Nda  0.35c  0.66° &= Nda Nda  0.32c = Nd= Nd= 024¢ = Nde 0.210 0.46¢ | Nd= 040> 069 | Nd= 0.16° 0.76c | Nde Nde  0.45¢
Arg Nda Nda Nda | Nda Nda Nda Nda Nda  0.20c = Nd=  Nde Nda Nda 0.16b 0.36¢ | Nda Nda  0.16° | Nda Nda Nda Nda Nda Nda
Ala Nda Nda Nda | 0122 036> 057¢ = Nda 021> 045¢ = Nd= 019 042¢ = Nda 0.19¢ 025¢ | Nd= 017> 048 | Nd= 028  0.51¢ | Nd= 0146  0.24¢
Tyr Nda Nda Nda | 0.152 0.18  0.77¢ = Nda Nda 025> = Nd=  Nd= 0.41c | Nde Nda Nda Nda Nda  0.46¢ = Nd= 019 053¢ = Nda Nda Nda
Val 0.19a  0.26c 0419 0232 0.89% 155  014a 039%  0.77¢ | 018 0.28> 0.53¢ | 0.16a 0.41bc 0.55¢ | 0222 042> 0.81c | 0.172  0.63c 112 | 0172 0.30bc  0.50¢
Met Nda Nd=  022c | Nd= 023 174¢ | Nd= 018 0.63¢ | Nd= 0116 0.66¢ = Nda 0.12v 063¢ | Nd= 011t  0.75¢ | Nd= 015>  0.84¢ | Nde Nda 0.75¢
Phe 0122 024 079 0112 0800 211¢ 0372 0810  1.41¢ | 0272 0.53> 1.09 | 0422 (.52 1.08¢ 039 056> 161¢ 0432 085 1964 | 0312 061 1.17d
lle Nda Nd= 012> | Nd= 053¢ 168/ | Nd= 013> 067¢ | Nd@ Nda 0.32¢ = Nda 0.11b 0624 | Nd= 028 068 | Nd= 0210  151¢ | Nde Nda 0.35¢
Leu 013 037> 1469 0232 169 495 0152 118  264¢ | 0132 0.86c 2.05° | 0.13a 1.18be 1874 018 118 293" | 0132 178 398 | 0102 0700  2.8%d
Lys Nd= 045> 1.07¢ 0632 119  374c = Nd= 0.87c 206f = Nd= 059 135  Nde 0.450 134 Nda 066> 257¢ | Nda  0.74c  281e | 0442 090>  1.90d
Pro Nd= 032> 1.25¢  1.092 2250 569 | Nd= 078 1.85c | Nd= 0.85> 264e = Ndo 1.53 286¢ | Nde 242> 3780 | Nd=  295c 467¢ | Nd= 084> 239
Total 083 291> 81¢ 4542 1317> 34.86c 1782 6680 1566 1412 583 1543 | 1258 6.65¢ 14347 | 2562 9350 2159 | 1642 11450 27.86¢ | 2.33 6.74c  16.18¢

Y, values are given as mean of triplicate; *', means in the same row for each starter culture without a common letter are significantly different (p < 0.05); N: No adjunct starter culture, H: L. helveticus, C: L. casei,
T: S. thermophilus, T+C+H: S. thermophilus + L. casei+ L. helveticus, C+H: L. casei + L. helveticus, T+H: S. thermophilus + L. helveticus, T+C: S. thermophilus + L. casei; *, Significant (p< 0.05).

level of major free amino acids in reduced fat Moreover, the current result showed that total brined cheese made with L. helveticus (LH. Bo2)

cheese that contain L. helveticus can be
explained by the higher ability of this strain to
provide the aminopeptidase required to hydrolyze
peptides and release peptides and free amino
acids from casein compared to L. casei and S.
thermophilus. Therefore, the production rate of free
amino acids in reduced fat cheeses inoculated
with L. helveticus were higher than reduced-fat
cheeses made with L. casei and S. thermophilus.

concentration of free amino acids in reduced fat
cheeses containing single culture of L. casei were
higher fat cheeses that contain single culture of S.
thermophilus TH4. Therefore, single culture of S.
thermophilus (TH4) exhibited lower proteolytic
activity to produce free amino acids than others.
This observation was in agreement with that
reported by previous researchers. For example
Hashemi et al. (2009), reported that Iranian White-

exhibited significantly greater rates of free amino
group formation as compared with the control
cheese. Bergamini et al. (2010) found that
thermophilic lactobacilli such as L. helveticus have
much higher proteolytic and peptidolytic activity
than S. thermophilus strains. Kebary et al. (1999)
and Kenny et al. (2003) reported that L. helveticus
was more effective in the proteolysis and
liberation of free amino acids than L. casei and
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Table 3. Evolution of the individual total amino acids during ripening of Cheddar cheeses made with Lb. helveticus, Lb. casei and Str.
thermophilus as adjunct starter culture’.

Ripening time*

A'(”:':; ;;)’d . tag;i”g;:grc: N L. helveticus (H)* L. casei (C)* . thermophilus (T)*
0 30 75 0 30 75 0 30 75 0 30 75
Asp Nde 2470 3.63¢ Nda Nda 8.73d Nda Nda 7.444 Nda 3.37° 6.02¢
Glu 16.782 23.850 33.08¢ 17.568  33.59¢ 49.66° 10.812  19.91° 36.89¢ 13.068  25.92¢ 41.77f
Ser 2979 5.45P 10.14¢ 5.062 8.3230 14.844 3.73 5.96bc 11.68¢ 5.022 7.960 11.494
His 2.76° 543¢ 10.70 3.86° 8.18° 15.85¢ 2422 7.87¢ 11.42f 3.53 7.43b¢ 13.20¢
Gly 8.152 13.97° 25.014 8.06° 13.92¢ 24.08f 5.73 10.400 19.26¢ 6.982 9.582b 21.594
Thr 2.86° 4,320¢ 5.64¢ 2402 3.3420 5.20d 2.58° 3120 4,09¢ 1.882 3400 6.644
Arg 8.45¢ 8.74¢ 5.590 4.49abe 6.56¢ 5.88¢ 5.220c 7.22¢ 6.569% 7.96° 7.560 6.91°
Ala 0.952 2.320 5.06¢ 1.712 2,620 4.78¢ 1.302 2.20be 3.20¢ 1.362 21020 3.93¢
Tyr 1.702 2.89be 4.07e 2.842 3.550 5.89d 2.56° 3.63° 4,764 2.05? 2.89p 4.64¢
Val 3.662 6.64° 12,574 5.762 7510 18.50e 4.602 6.25° 15.60¢ 3.992 7.69 14.244
Met 1.602 3.61¢ 6.59¢ 2.66° 5.89¢ 9.39¢ 1.942 4.27° 6.99¢ 1.812 4.42¢ 7.05¢
Phe 1.512 3.79¢ 6.491 2442 3.61° 6.18¢ 1.532 4.38¢ 4.87¢ 3.642 4,230 7.84¢
lle 3.492 4.25b 6.07d 3.542 5.13bc 7.81¢ 2.71a 4,09bc 6.20° 3.332 4.86b° 6.85¢
Leu 3.502 7.14¢ 11.90e 6.06° 10.90¢ 24.69f 4.502 8.52bc 16.12¢ 4.852 9.79¢ 18.43f
Lys 2.882 7.54¢ 13.15¢ 5432 8.35° 23.57d 4392 8.71¢ 22.82f 2.882 7.54¢ 13.15¢
Total 61.262 10241 159.69¢  71.878 12147  225.05¢  54.022  96.53 177.9¢ 62.342  108.74¢ 183.75¢
Ripening time*
Amino acid S. thermophilus,L. casei and L. casei and S. thermophilus S. thermophilus and L. casei
(nmollg) L. helveticus (T+C+H)* L. helveticus (C+H)* and L. helveticus (T+H)* (T+C)*
0 30 75 0 30 75 0 30 75 0 30 75

Asp 3.522 6.28° 5.70¢ 2512 4,340 7.73¢ N2 Nds@ 3.150 Nde@ Ndz2 2,240
Glu 17.802 17.832 46.57¢ 15.672 21.520 42144 15.262 26.96° 45.12f 11.812  16.50° 37.64¢
Ser 4,632 9.43b 13.78¢ 4.76° 8.97° 14.39¢ 5.022 9.33 12.67¢ 4.59% 7.66° 11.85¢
His 4352 7.820 16.15¢ 4,092 8.06¢ 13.47¢ 3.952 6.220 14.95¢ 449 6.82¢b 13.42¢
Gly 6.172 11.77° 24.52¢ 6.152 11,430 22.10¢ 7912 11.730 22.28¢ 6.692 11.12¢ 18.39¢
Thr 3.07a 4,710 7.83¢ 2.679 3.06° 5.61° 3.142 3.26° 7.35¢ 2.672 4410 7.05¢
Arg 7.31ab 13.18¢ 7.940 6.200 6.93° 7.210 6.102b 5.71ab 6.02ab 5.22a 7.844 7.27¢d
Ala 2.812 3.89¢b 5.86° 2.552 3.040 4,354 1912 2.88abe 4,714 1.472 1.552 3.74d
Tyr 3.09 453 6.02d 2.80° 3.74p 5.23¢ 2.902 3.510 5.644 2.082 2,750 3.84¢
Val 6.112 8.020 18.61¢ 5.402 8.75% 16.21¢ 563 9.11b 17.21¢ 4.26° 7.590 13.26¢
Met 3.782 8.12¢ 9.95¢ 3.86° 6.69° 8.81d 343 4372 8.16¢ 2.952 5.09¢ 6.86°
Phe 3.512 5.24p 7.42¢ 2.39%2 3.81bc 6.72¢ 3.118 4,320 6.13¢ 1.372 2700 4.56¢
lle 5.302 6.24pbc 7.81d 5.072 6.330c 8.30¢ 3.982 5.300 7.38¢ 3.502 5.26¢ 7.39¢
Leu 5.502 10.82¢ 24.68f 7122 12.16° 20.164 5.642 10.39¢ 22.47¢ 4.06° 8.25¢ 15.46
Lys 6.012 11.57¢ 22.93f 6.152 7.812 18.65¢ 6.752 9.35¢ 16.58 5.202 9.74¢ 20.36¢
Total 82.96° 129450  225.77¢  77.3% 116.64>  201.08¢ 74732 112445 199.82¢ 60.362  97.28° 173.31¢

Y, the values are given as mean of triplicate;  Means in the same row for each starter culture without a common letter are significantly different (p <
0.05); N, No adjunct starter culture; H, L. helveticus; C, L. casei; T, S. thermophilus; T+C+H: S. thermophilus + L. casei+ L. helveticus, C+H; L. casei +
L. helveticus , T+H; S. thermophilus + L. helveticus, T+C; S. thermophilus + L. casei; * Significant (p< 0.05).

L. helveticus, which contain a broad range of intracellular showed a significant increase in the level of FAAs in
peptidase activities including amino-peptidase, Cheddar cheese, in comparison with control cheeses
dipeptidase, tripeptidase, endo-peptidase and proline made only with lactococci. Drake et al. (1997) indicated
specific peptidase. Hannon et al. (2007) reported that the that reduced fat Cheddar cheeses containing L.
strains of L. helveticus, added as an adjunct culture, helveticus as an adjunct showed significantly greater



rates of proteolysis and increased oaky/nutty and sweet
flavors. From the data in Table 2, it was noticed that
alanine, aspartic acid, tyrosine, histidine, arginine and
threonine were not detected in full-fat Cheddar cheese
through the 75 days ripening time. Glycine, lysine and
proline appeared to be absent from the control Cheddar
cheeses up to 30 days of ripening; while methionine and
isoleucine were present at low concentrations in the
control full-fat Cheddar cheese after 75 days ripening.
Moreover, methionine and isoleucine were detected in
control cheese after 45 and 60 days ripening.

Arginine was not detected in full-fat Cheddar cheese
and reduced fat cheeses in the H, T+H and T+C
samples. Arginine is responsible for unpleasant or bitter
taste in food products (Pappa and Sotirakoglou, 2008);
therefore it is important that this amino acid concentration
does not increase with ripening time. Also, arginine was
detected in samples containing L. casei. Further-more, its
concentration in reduced fat samples containing a single
culture of L. casei and triple mix culture of H+C+T
significantly (p < 0.05) increased during the ripening
time. In addition, fluctuation in the concentration of
arginine after 45 days ripening was not significant (p <
0.05) in samples made with mix culture of H+C. Aspartic
acid was not detected during the storage time in full-fat
Cheddar cheese and reduced samples in the C, H+C, T,
T+C, T+C+H. Aspartic acid was only detected in reduced-
fat samples containing L. helveticus and mixed cultures
of L. helveticus + S. thermophilus, after 15 and 30 days of
ripening, respectively. The main free amino acids found
during the whole ripening period in all Cheddar cheeses
samples were glutamic, valine, leucine, phenylalanine,
proline, lysine and glycine. Histidine, isoleucine and
methionine were present in the highest concentrations.
These amino acids were also the main ones found in
other cheese varieties during maturation, although with
different levels, for example, in Cheddar cheese (Hannon
et al.,, 2007), matured Manchego cheese (Poveda et al.,
2004) and also in ewes’ milk such as Idiazabal cheese
(Garcia-Palmer et al., 1997). Previous findings have
reported that the concentration of total free amino acids is
not considered to be directly responsible for Cheddar
flavor (Broome et al., 1990), but the presence of certain
amino acids, principally methionine, glutamic acid, and
leucine, coincides with flavor development (Wallace and
Fox, 1997).

This study identified that glutamic acid is the most
abundant amino acid in all Cheddar cheese samples
during ripening. It is pertinent to note that glutamic acid
plays a principal role in umami taste of Cheddar cheeses.
Free proline, methionine and leucine concentration
observed in samples inoculated with L. helveticus was
higher than the rest of the samples. Methionine and
leucine are considered to be the major contributors to
cheesy flavor in the water-soluble extract of Cheddar
cheese and proline is an amino acid related to sweet
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flavors in cheese (Wallace and Fox, 1997).

Total amino acids

Proteolysis is considered to be the most complex and the
most essential biochemical event during ripening of
cheese. During proteolysis, the casein initially hydrolyzed
by residual coagulant activity was previously retained in
the curd and by plasmin and possibly by other indigenous
proteolytic enzymes to a range of intermediate-sized
peptides, which are hydrolyzed by proteinase and
peptidase enzymes from the starter lactic acid bacteria,
non-starter lactic acid bacteria (NSLAB) and secondary
microflora to shorter peptides and amino acids. It is
important to note that the concentration of different amino
acids in cheese are mostly associated with factors such
as the manufacturing technology, addition of starters,
type of curd, ripening conditions, ripening period and the
degree and type of proteolysis (Pappa and Sotirakoglou,
2008).

Urbach (1995) reported that many volatile flavor com-
pounds have structures that are consistent with their
formation from amino acid precursors. Table 3 presents
the evolution of total amino acids (TAA) during ripening of
Cheddar cheese. The results of this study showed that
the individual and total amino acids content increased in
all samples over the course of ripening from 0 to 75 days
because of casein degradation. In agreement with the
current research, Liano et al. (1991) observed significant
increase in the concentration of individual amino acids
and sum of amino acids as ripening time increased. In
the present findings, different increases in the relative
amount of total amino acids after ripening were found,
reflecting the different proteolytic activities of the starters
used. The results of this study demonstrated that the
highest total amino acids were produced by L. helveticus
and triple adjunct starter cultures (L. helveticus, L. casei
and S. thermophilus) with 225.02 and 225.778 nanomol/
g, respectively at 75 days ripening. It is interesting to note
that strains with high levels of peptidase activity as well
as high autolytic level tend to have a significant impact on
cheese ripening (Hannon et al., 2007). High concen-
tration of total amino acids in triple mix starter culture was
probably due to the stimulating role these strains have in
producing higher level of amino acids. The results of this
research revealed that incorporated adjunct starter
cultures have positive effect in producing amino acids
and free amino acids.

As shown in Table 3, the lowest activity to produce total
amino acids at the end of the ripening time was asso-
ciated with full-fat cheese samples containing commercial
Cheddar cheese starter cultures and without any adjunct
starter culture.

Hannon et al. (2007) reported that the benefits of using
attenuated cells of L. helveticus as an adjunct in Cheddar



12498 Afr. J. Biotechnol.

cheese include having significantly higher levels of amino
acids, short peptides, free amino nitrogen, and flavor
development without a detrimental effect on cheese
texture or quality. The findings of the current study are
supported by previous research by Drake et al. (1997) in
which they observed significant enhancement in proteo-
lysis when L. helveticus was employed as anadjunct in
both full and reduced-fat Cheddar cheese. The results
reveal that glutamic acid was the major amino acid in
both free and total amino acid fractions. Furthermore, it
was found that arginine, alanine and threonine concen-
trations were low in all products. However, some remark-
able (p < 0.05) increase in glutamic acid, valine, leucine
and lysine levels were observed during maturation
period. The results of this study indicated that the sum of
total amino acids was higher than the sum of the free
amino acids in all the samples analyzed, which is
indicative of the presence of peptides in the phos-
photungstic acid soluble fraction (LIano et al., 1991).

A fluctuation in arginine concentrations in all samples
was observed during ripening time. In agreement with
the findings of current research, Llano et al. (1991)
observed similar fluctuation in arginine levels for Artisan
blue cheese. The results indicated that all total amino
acid concen-tration was noticeably (p < 0.05) influenced
by the type of microorganism and storage time.

This result can be explained by the fact that starter
culture and ripening time are two strong factors affecting
degree of proteolysis in cheese and subsequently amino
acid production.

Conclusion

The present study was designed to determine the effect
of adjunct starter culture on production of NPN and amino
acids (Free and Total). The Level of certain FAA is
extremely important in flavor and taste development. The
results of this study evidently showed the concentration
of amino acids and NPN in reduced-fat cheeses that
contain adjunct starter culture were higher than full-fat
control cheeses. Therefore, incorporated adjunct starter
cultures to reduced fat cheese had positive effects on
production of amino acids, FAAs and NPN. Single culture
of L. helveticus exhibited higher proteolytic activity to
produce the FAAs and NPN when compared to L. casei
and S. thermophilus combined. The concentration of
glutamine, methionine and leucine as major contributors
to cheesy flavor and umami taste in reduced-fat cheeses
made with single culture of L. helveticus were higher than
the other experimental Cheddar cheeses. Moreover, the
lowest concentration of arginine as amino acid respon-
sible for unpleasant or bitter taste was observed in
reduced fat cheeses containing single L. helveticus.
Therefore, the findings of this study have a number of
important implications for future manufacture of reduced-

fat Cheddar cheese with similar and even higher quality
than full-fat Cheddar cheese. By incorporating xanthan
gum as carbohydrate based fat replacer and single
culture of L. helveticus it is possible to improve textural
properties, flavor and taste of reduced fat cheeses.
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