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Atotal of 24 rats were assigned to groups fed for 35 days with the folIowing diets characterised by
a similar protein content: a control diet with casein as a sole protein source (C group) and twa exper-
imental diets with quark (tvarog) produced with or without the use of transglutarninase as a protein
source (groups Tand S. respectively). The dietary application of quark T produced with transglutarninase
was found to significantly (P < 0.05 versus S)decrease caecal ammonia and putrefactive short-chain fatty
acid concentrations, increase Caand P utilisation in the body, and reduce the total cholesterollevel in the
serum. Incorporating whey proteins into the T quark with the aid of transglutaminase more favourably
modified the serum cholesterollevel, the Ca and p utilisation, and measurements of fermentarion in
distal sections of the rats' gastrointestinal tract compared with the dietary quark produced without
transglutarninase.

e 2012 Elsevier Ltd.AlI rights reserved.

t. Introduction

The idea of incorporating whey proteins into cheese is not new
(Hinrichs, 2001), and the methods using enzyme transglutarninase
(TG, EC 2.3.2.13) have been recognised as one of the promising
approaches (Zhu & Tramper, 2008). Protein crosslinking by trans-
glutaminase has been researched extensively with certain proteins,
such as casein, gluten, globulin, myosin and soy proteins, but miIk
whey polymerisation and its incorporation into dairy products has
been less studied (joo, Kim. & Lee. 2011: Zhu & Tramper. 2008).
Even less is known about the physiological consequences (learnt
from in vivo experiments) of the consumption of dairy products
enriched with whey proteins using microbial transglutaminase.
Transglutaminase is used to crosslink whey proteins by crosslinking
glutamine and Iysine residues; it catalyses the acyl transfer reaction
and produces E- (v-glutarnyl) Iysine bonds (Eissa, Bisram. & Khan,
2004). It has been reported that this crosslink formation does not
reduce the nutritional quality of the food because the lysine residue
remains available for digestion (Seguro, Kumazawa, Kuraishi,
Sakamoto, & Motoki, 1996). Our recent study showed that trans-
glutaminase application, apart from initial milk preparation, did
not require crudal modifications in quark (tvarog) production and
resulted in a 10-15% increased yield (more intensive retention of
whey proteins was observed) and some sensory and
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physicochemical changes compared with the control quark
(BOhdziewicz, 2010).

The objective of the present studyon Wistar rats was to identify
the physiological effects of dietary quark produced with enzyme
transglutaminase compared with a dietary treatment with
quark obtained via the standard technological process. It was
hypothesised that the consumption of quark produced using
transglutaminase would be associated with some benefidal phys-
iological changes, including intestinal fermentation, mineral
utilisation. and blood biochemistry. To verify this hypothesis,
a control, casein-based diet and experimental diets, which eon-
tained quark produced with or without transglutaminase as a sole
dietary protein source, were applied for 35 days in growing rats.

2. Materiał and methods

2.1. Dairy products and their characteristics

The experimental quarks were manufactured according to the
procedure described by Bohdziewicz (2010). During the production
process, one batch of the experimental produet was obtained using
the preparatlon Saprona-Reactyn GR 100 new (P.M.T.TRADłNGCo.,
Lodz, Poland) containing lactose and enzyme transglutaminase (EC
23.2.13) of microbiological origin (Streptoverticillium mobaraense);
the second batch was produced according to the standard proce-
dures from the same dairy materia\. In brief pasteurized milk was
introduced to processing tanks, and afterwards the enzymatic
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rransgtutamlnase preparatton (100 Us' protein; detailed data are
part of a patent, patenq evaluation pending, patent application No.
PCf/PL2011/000122) vJas added. After 1.5-3.0 h from enzymarie
preparation addition, the milk was inoculated with starter cultures
of mesophilic łacne fermentation bacteria (Flora Danica, Chr. Han-
sen, Hersholm, Denmark). The same starter rultures were applied
in both quarks, Once the rurd had reached pH values of 4.45-4.65,
it was slowly heated to a temperature of 36-38 oC and rut Gentle
stirring and heating resulted in the shrinking of quark grain and in
the drip of elear whey. The quark bulk was separared once the whey
reached acidity of28-30 °SH. The prę-dehydrared quark bulk was
then pressed to dry matter eontent of ca. 25-30%. Afterwards, the
produet was formed, cooled and packed. The folIowing cherritcal
analyses were performed on the casein (Lacpol Co., Murowana
Goslina, Poland) used to prepare the control diet and the quark
samples, according to the Association of Official Analytical Chem-
ists (AOAC, 2005): moisture (g 100 g-l), ash (g 100 g-l), fat
(g 100 g-I), and total protein (g 100 g-l). The lactose eontent was
determined according to the Bertrand method as described by
Lesniewicz, Wroz, Wojcik, and Zymicki (2010). The non-protein
nitrogen eontent was measured according to a Kjeldahl analysis
of the trichloroacetic acid soluble nitrogen, and the Ca eontent by
atomicabsorption spectrophotometry (juskiewicz et al., 2009).
Amino add analysis ar dietary protein sources (casein and quarks)
was performed -in Evonik Degussa GmbH (Essen, Germany) by high
performance liquid chromatography (HPLC) (Beckman 6300,
Beckman Instruments Corp., Palo Alto, CA, USA) after 24 h of
hydrolysis with 6 N hydrochlońc acid at 120 oC using the meth-
odology recommended by the National Feed Ingredients Associa-
tion (NFIA,1991). For sulphur amino acid analysis, a performie acid
oxidation treatment wasapplied to prevent destruction of cysteine.
Phenol was added to prevent partial destruction of phenylalanine,
histidine, and arginine. The aforementioned analyses were per-
fonned in triplicate. The chemical compositions of the dietary
protein components are given in Table 1.

2.2. Preparation oJ diets and animai protocol

The animai protocol used in this study was approved by the
Local Institutional Animai Care and Use Committee, and the study
was performed in accordance with EU Directive 2010/63/EU for
animai experiments. The assessment was conducted on 24 rnale,
Wistar rats aged35 d and weighing 106.3 g (pooled SEM 0.439). The
rats were randomly divided into three groups of eight animals each.
Ali animals were housed individually over 35 days in metabolic
cages with free access to water and the experimental diets (Table 2).
The selection of the animals and their maintenance over the 35 d
experiment folIowed common regulations, The environrnent was
controlled with a 12 h Iight-dark cycle, a temperaturę of21 ± 1°C,
relative humidity of 50 ± 5%, and twenty air changes per hour. In
experimental feeding, twa types of diets were used: a cornplete
eontrel diet based on casein as the main protein SOUTce(supple-
mented with 0.15% m-methionine) and theexperimental quark-
containing diets composed of a supplementary mixture (Table 2)
and the quark homogenate (62 and 38%, w/w, respectively). Due to
the high water eontent in quarks and to prevent unintended
fermentation, the quark diets were prepared fresh daily by
blend ing quark homogenate and supplementary mixture together
in the proportions mentioned above. This procedure allowed for
isonitrogenous diets throughout the study. The eontrel diet used
a moditication of the AIN-93G diet recommended by the American
Institute of Nutrition (Reeves. 1997); the dietary protein level was
lowered to ca. 11% of dry matter (DM) enabling for the measure-
ment oJ the protein unnsanon rate to determine animal growth.
Each diet, as well as faecal and urinal samples (owing to balance

Table 1
Composition of protein products used as dietary components for the in vivo
experirnent,"

Component Casein Quark Sb Quark rb

Dry matter (%. w/w) 92.58 ± 0.02 26.63 ± 0.01 27.09 ± 0.01
Protein (:t, w/w) 89.70 ± 0.04 17.20 ± 0.01 17.72 ± 0.02
Far(%. w/w) 038 ± 0.00 4.5 ± O_O 43 ± O_O
Lactose (%, w/w) Not determined 2.7 ±O.OO 3.0 ± 0.0
Non-protein nitrogen Not detennined 0_11 ± 0.00 0_10 ± 0.00

(%,w/w)
Ash (%. w/w) 2.50 ± 0.01 1.02 ± om 0.91 ± 0.00

Amino acid composition
(%. w/w. of protein)

Glydne
Alanine
Valine
Leucine
IsoJeucine
Prolinę
Pbenylalanine
Tryptophan
Serine
Threonine
Cysteine
Methionine
Methionine + cysteine
Arginine
Histidine
Lysine
Aspartic add
Glutamic add

1.93 ± 0_028

3_07 ± 0.018

6_67 ± 0.08
9_70 ± O.03c
523 ± 0_038

11.60 ± 0.03"
537 ±0_03
130 ± 0.02c

5.87 ± 0.02"
434 ± 0.01 c
037 ± O.OOc
3_04 ± O.OOA
3.42 ± O_OlC
3.80 ± 0.06-

3.12 ± 0.06
8.15 ± 0_05c
7.41 ± 0.18B

22.70 ± 0.52

2.04 ± 0_02A

336 ± 0.05A

6.70 ± 0.10
9_96 ± O.03B

532 ± O_OlA
11.20 ± 0_118

530± 0_09
138 ± 0.028

5.71 ± 0.028

4.40 ± 0.038

0.55 ± omB
2_95 ± 0.028

3.50 ± 0.038

3_80 ± 0_05

3.03 ± 0.04
8.36 ± 0_028

7.76± 0.14AB

22.20 ± 0.57

2_05 ± omA
3.53 ± 0.07A

6.67 ± 0.05
10.20 ± 0.06A

533 ± O.OlA
10.50 ± 0.07c

5.25 ± 0.05
1.46 ± omA
5.73 ± 0.048

4.47 ± 0.01"
0.69 ± omA
2_94 ± 0.008

3_63 ± O_OlA
3_78 ± 0_05

2.99 ± 0.06
8.47 ± 0.02A

7.99 ± O.13A

22.00 ± 0.29

a Resułts presented as means ± standard errors (n = 3 for amino acid composi-
tion; fi = 2 for remaining data). Mean values within a row with unlike superscript
ieners were significantly different at P < 0.05 (statistical analyses were done for
amino add composition of protein).

b The experimental quark produced without (S). or with (T), the preparation
containing the enzyme transglutaminase.

expenment: see below) were analysed in duplicate (for each diet
and for each rat) for crude protein (AOAC,2005), Ca and Pcontent
(jankowski, Zdunczyk, Juskiewicz, & Kwiecinski, 2011). The chem-
ical analyses show that the diets were prepared properly: the crude

Table2
Composition of the contral diet given ta the centrot group and the supplementary
mixture given to rats as a part of experirnental quark diets.

Diet %

Control diet
Casein"
ot-methionine
Cellulose''
Sayabean oil'
Minerał mix''
Vitamin mix"
Mai2e starch'

5upplementary mixture"
Celłulose''
Soyabean oil'
Mineral mix"
Vitamin rnix"
Maize starch'

11.35
0.15
5.00
8.00
350
1.00

71_00

6.00
6.50
4.20
1.20

82.10
a Casein preparation (Lacpoł Company; Murowana Goslina, Poland), coupled with

additional Dl-metbionine (0.15% of a diet), was a sole protein source in the controI
group,

b Sigma-A1drich (Poznan. Poland).
c Kruszwica SA Co. (Kruszwica. Poland).
d A1N-93G- MX (Reeves, 1997). tailored as for similar dietary caldum eontent in

all experimental treatments slightly below the rat calcium requirement for undis-
turbed growth.

c A1N-93-VM (Reeves, 1997).
f AVEBE; Veendam, Holland.
g The experimental quark diet comprised quark homogenate (62%, w/w) and

supplementary mixture (38%, w/w).
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Table 3
Body weight, diet intake and gastrointestinal tract parameters in rats fed the experimental diets,"

Pararneter'' Diet" Pvalue

C S T

Initia! BW (gl 106.2 ± 0.8 106.3 ± 0.8 106.3 ± 0.8 0.993
Fina! BW (g) 244.8 ± 5.7 232.5 ± 6.4 239.8 ± 5.9 0.361
BW gain (g) 138.6 ± 5.9 126.2 ± 6.4 133.5 ± 5.8 0.364
Diet intake (gl 401.2 ± 13.6 428.4 ± 14.4 424.0 ± 10.3 00301
PER (g g-l) 3.02 ±O.O~ 2.50 ± {l.OSc 2.72 ±0.06B <0.001

Smali intestine
Fuli mass (g 100 g-l BW) 2.59 ± 0.08B 3.01 ± O.ler 2.78 ± O.12AB 0.027
pH of ileal digesta 6.50 ± 0.05 6.43 ± 0.06 6.48 ± 0.07 0.691
Digesta viscosity (mPa s) 1.38 ± 0.08 1.40 ± 0.03 1.35 ± 0.04 0.765

Mucosal disaccharidase (umol min-1 per g ofprotein)
Lactase 0.39 ± 0.04 0.50 ± 0.05 0.42 ± 0.04 0.137
sucrase 1.61 ± 0.10B 2.35 ± 0.23A 1.89 ± O.lSAB 0.026
Maltase 18.9 ± 1.5 20.8 ± 2.2 16.9 ±2.1 0.388
Aminopeptidase 40.0 ± 2.6 46.9 ± 3.6 40.1 ± 2.3 0.189

Caecum
Tissue (g 100 g-l BW) 0.22 ± 0.01 0.26 ± om 0.22± 0.01 0.093
Digesta (g 100 g-I BW) 0.54 ± 0.06 0.68 ± 0.05 0.56 ± 0.04 0.134
pH of digesta 7.40 ± 0.06A 7.22 ± O.04B 7.16 ± O.03B 0.003
Ammonia (mg g-I of digesta) 0.24 ± o.oi- 0.19 ± 0.028 0.17 ± omc <0.001

Colon
Tissue (g 100 g-I BW) 0.43 ± 0.02 0.46 ± 0.03 0.45 ± 0.02 0.608
Digesta (g 100 g-l BW) 0.26 ± 0.02c 0.44 ± 0.02/\ 0.33 ± 0.028 <0.001
pH of digesta 6.99 ± 0.12 6.90 ± 0.05 6.81 ± 0.05 0.301

a Results are presented as means ± standard errors of 8 deterrninations. Mean values within a row with unlike superscript letters were significantly different (P < 0.05).
b BW. body welglrt: l'ER. protein efficiency ratio,
c C. eontrel (casein as a sole dietary protein source): S. quark produced with the standard technology as a sole dietary protein source: T. quark produced with technology

using transglutaminase as a sole dietary protein source.

protein contents of the C (controI). S (containing standard quark)
and T (containing quark produced with transglutaminase) diets
were 11.44%.11.74%. and 11.56% of DM. respectively: the dietary P
levels were 0.23%, 0.24%, and 0.25% of DM, respectively; and the
dietary Ca levels were 0.31%. 0.34%. and 0.35%. respectively.
According to the nutrient requirements for grawing rats (National
Research Council, 1995), the recommended levels of dietary Ca
and P are 0.5%and 0.3%. respectively, The analysed Ca and P eontent
(slightly below the recommended levels) in the experimental diets
was the prerequisite to proceed with the Ca and p utilisation
experiment.

Ali physiological measurements were done for each ani maI
separately (n = 8 for each group). During the study, the digestibility
and utilisation tests (bal ance tests) ofnitrogen (N). phosphorus (P),
and caldum (Ca) were carried out. After a 10 d preliminary period.
faeces and urine were thoroughly collected for 5 d from all rats that
were kept in balance cages (TecnipIast Spa. Buguggiate, Italy). The
eontent of total N. P, and Ca in diets, faeces and urine collected in
the balance period was assayed using the methods described above.
Experimental groups were additionally monitored for body-weight
gains (body weight was recorded at the beginning and on terrni-
nation of the study) and diet intake (daily monitoring). which
enabled the calculatlon of the protein effieiency rano (PER). At the
termination of the experiment, the rats were anaesthetised with
sodiurn pentobarbital according to the recommendations for
euthanasia of experimental animals. After laparotomy, blood
samples were taken from the caudal vena cava, and then smali
intestine, caecum, and colon were removed and weighed. The rats'
right tibias were removed and c\eaned of soft tissue. The bones
were weighed and kept deep-frozen (-40 oC) for later mineralt-
zation. To determine the eontent Ca and P. the tibias were dried and
mineralized in a VELPDK 20 electric aluminium heating block with

selectable ternperatures (VELP Scientifica, Usmate Velate, Italy).
Analytical sampies were prepared together with test sam pies. The
ana1ytical sampies were mineralized in a mixture (3:1) ofnitric acid
and perchloric acid (Merck, Darmstadt, Germany). The P and Ca
eontent of mineralizates was determined by colorimetry and f1ame
atomie absorption spectrometry (acetylene-air flame). respectively
(jankowski et al., 2011).

As soon as possible after euthanasia (ca. 10 min), the small
intestinal, caecal and colonie pH values were measured (pH meter
model 301. Hanna Instrurnents, Vila do Conde. Portugał). The smaIl
intestinal viscosity was determined using a Brookfield LVDV-I1+
cone-plate rotational viscometer (CP40; Brookfield Engineering
Laboratories lnc., Stoughton. MA. USA) at 37 oC and a shear rate of
60 min-l. Disaecharidase activity (expressed as umol disaccharide
hydrolysed min"! per g of protein) in the jejunal mucosa was
analysed by the method ofMesser and Dahlqvist (1966) with smali
modifieations as described previously (juskiewicz et al., 2011 a).
Aminopeptidase-N (E.C. 3.4.11.2) was assayed using t-alanine-p-
nitroanilide as a substrate, absorbance was measured at 384 nm,
and activity was determined using a p-nitroaniline standard curve
(Maroux, Louvard, & Baratti, 1973). In the fresh caecal digesta.
ammonia (NH3) was determined by rnicro-diffusion analysis in
Conway's dishes and short-chaln Iatty, acids (SCFA)were analysed
using a gas chromatograph (Shimadzu GC-2010. Kyoto, [apan)
equipped with a capillary column (SGE BP21, 30 m x 0.53 mm, SGE
Europe Ltd., Kiln Farm Milton Keynes. UK) as described previously
(juskiewicz et al., 2011 a). The activity of selected bacterial enzymes
((1.- and ~-glucosidase. (1.- and ~-galactosidase and ~-glucuronidase)
released into the caecal environment was measured by the rate of
p- or o-nitrophenol release from their nitrophenylglucosides,
aecording to the method described elsewhere (juskiewicz &
Zdunczyk.2002).
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Serum concentration of calcium, phosphorus, creatinine, urea,
glucose, triacylgtycerols (TAG), total cholesterol (TC) and its high-
density lipoprotein (HOL) fraction were estimated with diagnostic
sets from Alpha Diagnostics Limited (Warsaw, Poland).

2.3. Statistical analyses

Results were analy~ed statistically using one-way analysis of
vanance (ANOVA), and the signiticance of differences between
groups was determined using Duncan's multiple-range test at
a significance level of P < 0.05. Data are expressed as mean values
(for pbysiological measurements, n = 8 for each group) and stan-
dard error of the mean (SEM). Calculations were made with STA-
TISTlCA8.0 (Statsoft Corporation, Krakow, Poland).

3. Results

The quark products applied in the study had no signilkant
effect on either body-weight gain or dietary intake (Table 3). The
addition of both test quarks decreased the PER (protein efficiency
ratio) value significantly compared with the controi group fed
a casein-based diet (P < 0.001). Moreover. the S treatment was
associated with a signiticantly lower PER value relative to the T
group fed a diet containing quark pmduced with trans-
glutarninase, The experimental treatments with both test quarks
had no signiticant effect on either the ileal pH value Dr the
viscosity rate of smalI intestine digesta. In the S group, the relative
fulI mass of the smali mtestine and the mucosal sucrase activity
were found to be significantly higher compared with the controls
(P < 0.05). The 3S-day administration of the S and T diets resulted
in a significant decrease in the caecal pH value and caecal
ammonia eoncentranon compared with the C diet. The lowest
caecal ammonia level was observed for the T treatment (P < 0.05
versus C and S).The highest and the lowest relative colonic digesta
mass were found in the S and C groups, respectively (in both cases
p < 0.05 versus other treatments).

The caecal bacterial ~-glucuronidase activity of controI rats was
found to be higher than in other groups (P < 0.05), and the eon troI
rats showed significantly higher bactertal a-galactosidase activity
compared with the S group (Table 4). The dietary S treatment was
also associated with significantly lower bactertal ~-galactosidase
activity compared with the C and T groups. The dietary adminis-
tratlon ar both test quarks did not significantly affect the activity
of either bactertal a- or ~-glucosidase in the caecum, The total
caecal concentration of SCFAwas not affected by any of the dietary
rrearmenrs, which resulted mainly from the unchanged concen-
trations of acetic and butyric acid, A signiticant decrease in caecal
propionie acid concentration folIowed the experimental feeding
with standard quark (group S) compared with groups C and T
(P = 0.003), while the caecal concentration of three putrefactive
SCFA (PSCFA; iso-butyric, iso-valeric and valeric acids) was
significantly reduced folIowing the 35-day dietary treatment with
the T quark, compared with the controi rats. As a result, the lowest
concentration of total caecaJ PSCFA was found in the T group,
white the highest was found in the controi group (in both cases
p < O.OS versus other treatments). The profile analysis of three
major fatty acids showed that the treatment with the
quark produced without transglutaminase was characterised by
a significantly lower propionie acid:total SCFA ratio when
compared with the controls and the group fed a diet containing
the S quark,

The addition ar both test quarks increased faecal N excretion
significant1y (P < 0.05 versus the other groups) and the highest
value of the apparent N digestibility index was noted in the C group
(Table 5). The quantity of N excreted with urine was significantly

Table4
Bacterlal enzyme activity, as well as concentration and profile of SCFA' in the caecal
digesta.?

Pvalue

Enzyme activity (urnol min-l per g digesta)
(!-Glucosidase 0.45 ± 0.05 0.43 ± 0.04
p-Glucosidase 0.10 ± 0.Q1 0.08 ± 0.Q1
n-Galacrostdase 0.29 ± O.04A 0.21 ± 0.038

jl-Galactosidase 1.53 ± 0.09" 1.13 ± 0.158

Il-Glucuronidase 0.63 ± 0.05A 0.39 ± 0.028

0.49 ± 0.02
0.10 ± 0.01
027 ± 0.02AB

1.47 ± 0.07A

0.30 ± 0.04"

0.531
0.400

O.OSO
0.032

<0.001

SCFA (umol g-l digesta)
Acetic acid 39.1 ± 1.9
Propionie acid 8.54 ± 038'"
Iso-butyric acid 0.83 ± O.04A

Butyric add 7.69 ± 0.52
Iso-valeric acid 0.71 ± O.04A

Valeric acid 1.18 ± 0.08A

rotal PSCFAd 2.73 ± 0.14A

Tetal SCFA 58.1 ± 2.7

38.7 ± 2.0
6.78 ± 038"
0.74 ± 0.03AB

7.11 ± 038
0.61 ± 0.041\8
1.02 ± 0.04A8

2.36 ± 0.08B

56.0 ± 2.5

39.7 ± t.z
8.40 ± 030"
0.64 ± 0.04"
9.05 ± 0.62
0.55 ± omB

0.87 ± 0.Q28
2.07 ± 0.08c
59.2 ± 1.5

0.932
0.003
0.004
0.189
0.034
0.003
0.001
0.615

Profile (% SCFA total)
Acetic acid
Propionie acid
Butyric acid

67 ± 1
14 ± lA

15 ± 1

0.185
0.003
0.151

67± 1
15 ± oA
13 ± 1

69 ± 1
12 ± 18

15 ± 1

a SCFA. short-chain fatty acids,
b Results are pręsenred as means ± standard eITOrS of 8 determinations,Mean

vaJues within a row with unlike superscript letters were slgnińcantly different
(P < 0.05).

c CocontroI (casein as a sole dietary protein source): S. quark produeed with the
standard technology as .1 sole dietary protein source: To quark produced with
technology using transglutaminase as a sole dietary protein source.

d PSCFAoputrefactive short-chain fatty acids (the sum of iso-butyric. iso-valeric
and valeric acids),

Table 5
Nitrogen, caldum and phosphorus excretion patterns, as well as caleium and
phosphorus coneentration in the femur in fats fed with the experimental diets:

c" Sb 1" Pvalue

Nitrogen (N)
N intake (g 5 d-I) 1.19 ± 0.05 132 ±O.OS 124 ±0.02 0.117
N in faeees (mg 5 d-l) 89.1 ± 428 114 ± 4A 111 ± SA 0.002
N faecaJ (% N intake) 7.46 ± 0.178 8.67 ± O.3oA 8.99 ± 0.35A 0.003
N in urine (mg 5 d-l) 319 ± 23B 507 ± 20A 462 ± 14A <0.001
N urinary (% N intake) 26.5 ± U" 38.4 ± 1.2A 37.3 ± 0.9A <0.001
N digestibility (%) 92.5 ± 0.2'" 91.3 ± O.3B 91,0 ± 0.3" 0.003
N utilisation (%) 66.0 ± 1.1A 53.0 ± 13" 53.8 ± 0.8" <0.001

Calcium (Ca)
Cd intake (mg 5 d-l) 202 ± 8B 240 ± 9' 234±4' 0.004
Ca in faeces (mg 5 d-I) 34.0 ±3.6c 112 ± 7" 83.0 ± 5.4" <0.001
Ca faecal (% N intake) 16.5 ± 1.2c 46.4 ± 1.9" 35.3 ± 2.0" <0.001
Ca in unne (mg 5 d-I) 1.39 ± 0.29 1.32 ± 0.12 1.74 ± 0.34 0.503
Ca urinary (% N intake) 0.68 ± 0.14 0.55 ± 0.04 0.75 ± 0.15 0.515
Ca digestibility (%) 83.5 ± 1.2'" 53.6 ± 1.9c 64.6 ± 2.0· <0.001
Ca utilisation (%) 82.8 ± 1.3'" 53.0 ± 1.9c 63.9 ± 1.9" <0.001

Phosphorus (P)
p intake (mg 5 d-l) 150 ± 68 169± 7A 167 ± 3A 0.041
P in faeces (mg 5 d-l) 27.5 ± 1.8c 762 ±3.5A 57.4 ± 3.28 <0.001
p faecal (% N intake) 18.3 ±of 45.0 ± 0.9" 34.2 ± 1.7" <0.001
P in urine (mg 5 d-l) 29.3 ± 1.98 34.8 ± 2.0A 31.8 ± 1.5A8 0.049
P uńnary (% N intake) 19.6 ± 1.2 20.7 ± 12 19.0 ± 0.8 0.534
P digestibility (%) 81.7 ± 0.7A 55.0 ± O.gC 65.8 ± 1.78 <0.001
p utilisation (%) 62.1 ± 1.6A 34.3 ± 1.2e 46.8 ± 1.98 <0.001

Femur
p (% of dry matter) 102 ±0.1 10.0 ± 0.1 10.2 ± 0.2 0.350
Ca (% of dry matter) 22.0 ± 0.3" 21.3 ± 02" 21.9 ± 0.1" 0.034

a Results are presented as rneans ± standard errors of 8 determinations. Mean
values within a row with unlike superseript letters were significantly different
(P < 0.05).

b C. controI (casein as a sole dietary protein source): 5, quark produced with the
standard technology as a sole dietary protein source; To quark produced with
technology using transglutaminase as a sole dietary protein source.
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Table6
Biochemical indices of blood serum in rats red with the experimental diets,"

Parameter" c< s' 'l" Pvalue

Creatinine (mg dl ') 0.47 ± 0.02 0.48 ± 0.02 0.43 ± 0.01 0.110
Urea (mg dl-l) 23.0 ± 0.68 27.9 ± UJJ\ 26.6 ± 12J\ 0.005
Glucose (mg dl-I) 191 ± 5 179±5 177 ±6 0.166
TAG(mgdl-t) 187 ± 10 170.7 ± 5.5 177.0 ± 7.5 0.355
TC(mgdl-1) 67.7 ± 2.0"8 73.1 ± 3.6A 64.7 ±33B 0.050
HDL-TC(mgdl-1) 48.0 ± 22AB 542 ± 2.3A 45.9 ± 3.6B 0.048
HDL-TC (% TC) 70.9 ± 2.8 74.1 ± 1.1 703 ± 23 0.441
p (mg dl-l) 522 ± 0.148 5:72 ± O.UA 6.09 ± 020" 0.003
Ca (mg dl-l) 9.96 ± 0.08 10.0 ± 0.1 9.92 ±0.04 0.772

• Results are presented as means ± standard errors of 8 detenninations. Mean
values within a row with unlike superscnpt letters were significantly different
(P< 0.05).

b TAG, triacylglycerols; Te. total cholesterol; HDL-Te, high-density lipoprotein
fraction of total cholesterol; P, phosphorus; Ca, calcium.

c e. controi (casein as a sole dietary protein source); S, quark produced with the
standard technology as a sole dietary protein source; T, quark produced with
technology using transglutaminase as a sole dietary protein source.

lower in the eontrel rats than in those fed expenmental diets
containing quarks. The retention N index, which considers the loss
of N in both faeces apd urine, was found to be significantly lower in
both the S and T gra1ups eonrpared with the control group. The rats
fed both test cheese~diets excreted significantly higher quantities of
faecal calcium and phosphorus within 5 days of the balance study
than that recorded in the Cgroup. Moreover, the highest quantities
of excreted faecal Ca and P were found in the S treatment. When Ca
and P losses in urtne were expressed as a percentagę ofingested Ca
and P, no differences were observed between the C group and the
experimental groups. Considering both minerais (Ca and P), the
apparent digestibility indices,as well as the retention indices, were
lowest in the group fed a diet containing quark produced witbout
transglutaminase and highest in the control treatment group (in aU
cases P < 0.05 versus the other groups), The Ca concentration
(expressed as the percentage of dry matter) in the tibia bone was
significantly lower in the S treatment group compared with the
other groups (P < 0.05 versus C and T dietary treatments). The tibia
p concentration did not differ among the groups.

Thecontrol group was characterised by the lowest serum urea
and P concentrations (P < 0.05 versus the other groups) (Table 6).
The serum concentrations of total cholesterol and HDL-cholesterol
declined slgnińcanny in the T treatrnent with respect to the S
treatment, which resulted in no differences in the HDL-cholesteroll
total cholesterol profile between all treatments.

4. Discussion

To the best of our knowledge, there have been no reports on
in vivo experiments evaluating nutntionat and health promoting
properties of quark products produced withthe use of enzyme
transglutamlnase. As expected, the amino acid composition anal-
yses of the dietary protein sources proved that to some extent whey
proteins were incorporated into the quark T (Table 1); compared
with the quark S and casein, the quark T was characterised by
a higher eontent of essentrat amino acids, including leucine, thre-
onine, tryptophan, lysine, and cysteine(and the sumof cysteine
and methionine; please note that methionine can be synthesised
from cysteine with high efficiency when need demands; Mclntosh
et al., 1998), It is well known that ~-Iactoglobulin, the main protein
in whey, is a major source of branched-chain amino acids and is
composed largely of leucine (approximately 14.5%). Nolles,
Verreijen, Koopmanschap, Verstegen, and Schreurs (2009)
observed that native or peptide-bound leucine, as opposed to
free-forrn leucine, may be utilised more effidently. As expected, the

5

rats fed a control diet (casein supplemented with 0.15%methionine
as a dietary protein source) exceeded both groups rhat were fed the
quark diets (no supplementation with amino acids) in nitrogen
utilisation (Table 5), and the control diet was characterised by the
highest protein efficiency rano (Table 3). Ample animal and human
studies provide evidence that even slightly imbalanced dietary
proteins enhance nitrogen excretions and disturb new protein
synthesis (Ha & Zemel, 2003). In this regard, interesting results
were obtained in our study for both expeńmental quark treat-
ments; although both quark groups did not differ when the N
excretion routes were considered (5-day balance experiment),
a significantly higher PER value (calculated for the whole duration
ofthe study-35 days) folIowed experimental feeding with a diet
containing the quark produced with transglutaminase (group T)
cornpared with the treatment S (the standard quark). This may be,
at least in part, explained by a higher eontent of leucine in the T
quark.

In the present study, the dietary application of test quarks had
no negative effect on jejunal disaccharidase activity, which indi-
cates undisturbed absorption of carbohydrates from the upper
intestine (luskiewicz et al., 2011a). The standard quark, but not the
T quark, was found to increase the mucosal sucrase activity
compared with the control diet. Although these differences were
within normai physiological ranges, the effect ofthe T treatment on
sucrase activity (no slgniflcant changes to control) is especially
desirable if. for instance, the host has problems with increased
postprandial glycaemia (juskiewicz et al., 2008). In the present
experiment, however, there were no differences between treat-
ments with respect to blood serum glucose concentrations
(Table 6). As for smali intestine measurements, there were no
significant differences between groups in the digesta viscosity
values; enhanced viscosity negatively affects nutrient absorption
(Dikeman, Murphy, & Fahey, 2006).

The present experiment demonstrated the beneficial influence of
dietary quarks on fermentative processes in the hind gur, as charac-
tensed by the addification of the caecal digesta (Kosmala,
Kolodziejczyk, Zdunczyk, Juskiewicz, & Boros, 2011). This pH decline
could be explained by significant1y lower concentrations of caecal
ammonia in the S and T groups. Moreover, witll reference to the
proposed hypothesis, the application of quark produced with trans-
glutaminase triggered a desirable, additional reduction in caecal
ammonia levels cornpared with the S group. The proper balance
between ammonia produetton and absorption is cruda\ for maintam-
ing the ammonia concentration in the intestine, which at high levels is
detrimenta\ to the intestina\ epithelium Ouskiewicz, Zdunczyk, &
Frejnagel, 2007). One carmot assume that the higher ammonia
concentration in the controi group in the present study was caused by
an increased amount of undigested dietary protein entenng the
caecum; ammonia could have aIso been derived from blood urea,
leading to the lewering of blood urea. In fact, the lowest serurn urea
concentration was found in the control rats (Table 6). Compared with
the standard quark diet (group S), more effident quark protein uti-
Iisation in group T was also confirmed by decreased caecaI eoncen-
tration of putrefactive short-chain fatty adds (PSCFA,Table 4). The
enhanced production ofPSCFAmay point to more intensive anaerobie
bacterial fermentation of polypeptides and amino acids originating
from undigested .dietary proteins Uuskiewicz, Zary-Sikorska, Zdunc-
zyk, KroI, & jurgonski. 2011b). The lowest caecal ammonia and PSCFA
concentrations as well as a significantIy higher PERvalue (versus group
S) found in the T group support the accepted hypothesis that
consumption of quark enriched with whey proteins via tbe use of
transglutaminase provides additional positive etfects to the nutritional
and health status of the body. The present experiment demonstrated
a sigrufieant difference between the quarkgroups (T > S; P < 0.05) in
propionie acid concentration and the propionate:total SCFArano in the
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caecal digesta. Propionate is claimed to be a cholesterol-lowering agent
causing impaired acetate utilisation, especially under enhanced faecal
losses of steroids (Deminge et al, 1995 ).The above changes in the caecal
SCFAwere consistent With the lipid profiles of rats from the T and S
groups; the total cholesterol Ievel in the S group was found to be
elevated compared witę rats fed the T quark. A sirnilar elfect of the
dietary quarks on HDL-cholesterol fraction was observed, thus the
HDL:total cholesterol ratio remained unaffected by the consumed
quarks.

With regards to the experimental hypothesis, there was
a tendency (P = 0.091; T versus S) towards diminished ~glucu-
ronidase activity in the caecal digesta of rats from group T. More-
over, the T treatment did not significantly reduce the activity of
glycolytic enzymes (}.- and ~-galactosidase compared with the
eontrel animals, as it was observed in the S group, These changes in
the caecal bacterlal enzymatic activity pattems of the rats from
group T could be interpreted as beneficial: decreased Ievels of the ~
glucuronidase activity is of particular importance because this
enzyme ts associated with intestinal activation of pro-cancer
substances (wrobtewska.jusktewtcz, & Wiczkowski, 2011). In this
regard, the T quark-fed rats were clearly less subject to the influ-
ence ofundesiredmetabolites. The enhanced activityofbacterial /3-
galactosidase may improve the utilisation oflactose not digested in
the smali intestine, whereas a-galactosidase may affect the diges-
tion of raffinose-family oligosaccharides (Mikulski et al., 2011).
Some authors have reported the beneficial effects of dietary whey
protein (Iactoferrin; f3-lactoglobulin) against the development of
colon cancer in young and maturę rats, via diminished passage of
putative tumour precursors through the hind gut wall (Mclntosh
et al., 1998). These authors suggest that the mechanism behind
the whey proteins' apparent anti-cancer activity might be related to
their high sulphur amino acid content.

Compared with the S group, the incorporation of whey proteins
into the T quark enhanced Ca and P utilisation, thus supporting the
hypothesis of the study, As a result, the rats fed the standard quark
diet had lower calcium concentrations in the fernur bone, whiJe
similar femoral calcium levels were observedamong the controi
and T rats. Hara, Suzuki, Kasai, Aoyama, and Ohta (1999) reported
that propionie acid concentration is a more important factor in Ca
absorption .in the large intestine of rats than other tactors. such as
soluble Ca and caecal pl-l; the latter factors may be indirectly
correlated with Ca absorption. A studyon human volunteers
(Trinidad, Wolever, & Thompson, 1999) confirmed that Ca
absorption in the dis tal colon and the rectum is en hance d by
acetate and propionate. The results obtained frorn the S group in
the present study also suggest a link between lower production of
caecal propionate and decreased Ca utilisation in the body.
Increased Ca utilisation observed for the quark produced with
transglutaminase treatment mayaiso play an important role in
human weight management. Dietary Ca is claimed to play a para-
mount role in the regulation of energy metabolism and obesity
osk (Zemel, 2005). It has been observed that reasonably high
levels of dietary Ca may attenuate body fat .accumulation and
increase fat breakdown during periods of over-consumption of an
energy-dense diet in humans. In this case. dairy sources of Ca are
c1aimed to be more effective than supplemental Ca in reducing
body fat (Xue. Greenberg, Kraemer. & Zemel, 2001). The compo-
nents of dairy products, specifically the whey fraction, have been
proposed as the active factors for this augmentation (Zemel,
2005).

5. Conclusion

Concerning the present study's experimental hypothesis, the
35-day eonsumptton of quark enriched with whey proteins

produced with transglutaminase exerted more favourable modifi-
cations to serum cholesterol levels, Ca and P utilisation, and
measurements of fermentation in distal sections of the gastroin-
testinal tract in rats, compared with the dietary treatment with
quark produced without transglutaminase. Therefore, quarks could
be considered suitable delivery vehicles for dietary whey protein
that may benefit human health.
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