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Abstract: Objective: In this study, we evaluated zinc gluconate stabilized with glycine (GZ) and sulfate (SZ) in fermented 

milk as vehicle. Zinc bioavailability was evaluated in an animal model (Sprague Dawley rats) for both zinc sources in the 

vehicle with a probiotic (Lactobacillus casei DN114001).  

Results: For growth parameters, higher weight gain and femur weight values were observed when probiotic and zinc were 

provided together, independent of the source (weight gain: SZ 81.4g±4.0g; GZ 81.8g±4.0g and 70.2g±12.5g without the 

probiotic; femur weight: SZ 0.51g ±0.05g; GZ 0.52g±0.05g and 0.42g±0.03g without the probiotic). Femur zinc content 

was higher for zinc gluconate stabilized with glycine in the presence of the probiotic (97.04ppm±8.40ppm), and the results 

were similar for zinc sulfate with or without probiotic (84.51ppm±2.44ppm and 84.94ppm±2.28ppm, respectively). Serum 

antioxidant capacity and immune cellular response were also evaluated by using free radical scavenging assays and a T 

cell proliferation assay respectively. The free radical scavenging assay showed a tendency to increase with zinc provision, 

and the highest proliferation index was observed for glycine-stabilized zinc gluconate and the probiotic.  

Conclusion: The results indicate that the combination of zinc (as glycine-stabilized zinc gluconate) and a probiotic may be 

beneficial for the evaluated parameters. 
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INTRODUCTION 

 Zinc is an essential component of a large number of en-
zymes. It also plays a central role in cellular growth and dif-
ferentiation for tissues with rapid turnover, including those 
of the immune system and the gastrointestinal tract [1-4]. 
The most important of the negative effects of zinc deficiency 
involve impaired immune function, subnormal growth and 
gonadal development. Zinc supplementation has been used 
to prevent and treat childhood diseases like acute diarrhea, 
gastroenteritis, pneumonia and malaria [5-7], providing solid 
evidence of the high importance of this micronutrient. Re-
cent studies have also demonstrated zinc’s protective effect 
against oxidative stress and DNA damage [8-11]. These 
studies have been performed both in vivo and in vitro, where 
it was demonstrated that zinc is needed for some DNA bind-
ing proteins, such as p53, to fulfill their regulatory function. 
A mineral deficiency, and particularly zinc deficiency, even 
mild, may potentially cause DNA breakage (similar to that 
caused by ionizing radiation or chemicals) and oxidative 
stress, resulting in a possible increase in cancer risk [12]. 
However, the extent of zinc deficiency worldwide is not well 
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documented. All population age groups are at risk of zinc 
deficiency, but infants and young children are probably the 
most vulnerable. The lack of reliable, widely accepted, and 
adequately sensitive indicators of zinc status has resulted in 
uncertainty about the global prevalence of zinc deficiency. 
Using estimates of zinc intake and bioavailability derived 
from FAO’s food balance data, about 20% of the world’s 
population could be at risk of zinc deficiency. Therefore, 
since zinc status remains an important issue for human 
health, it is essential to develop and execute efficient and 
cost-effective strategies to overcome zinc deficiency. On 
2009, the IZiNCG (International Zinc Nutrition Consultative 
Group) Steering Committee reexamined the latest strategies 
to control zinc deficiency and to enhance zinc nutrition [13]. 
One of the most recognized strategies for reducing zinc defi-
ciency is food fortification, yet the beneficial effects claimed 
by fortified foods need scientific validation. For such a vali-
dation, bioavailability studies should be performed, and dif-
ferent nutritional matrixes should be compared and evaluated 
in addition to the mineral source used. These studies should 
be complemented with other studies which demonstrate that 
the fortified food properties have not been negatively altered 
in any way after the fortification procedures [14]. 

 Fermented dairy products with added probiotics are  

interesting targets for zinc fortification. Probiotics are  
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well known for their positive impact on intestinal health, 

stimulation of immune response and protection against 

pathogens (S. typhimurium, S. aureus, E. coli, C. perfigens 

or C. difficile) [15-18]. Since both zinc and probiotics have 

beneficial effects on humans’ nutritional and immunological 

status, their effect taken together could be amplified,  

resulting, for example, in improved mineral absorption or  

a higher cellular immune response. For this reason, it is  

interesting to evaluate the potential nutritional impact of a 

functional food containing both zinc and probiotics. Some 

works focused on this combination as a therapeutic option 

for diarrhea or even HIV [7, 19] and others on its effect on 

antioxidant capacity of blood, zinc serum levels and intesti-

nal microflora [20]. However for diarrhea and HIV, zinc and 

probiotics actions have been studied but mostly on separate 

trials [21-25].  

 The aim of this work was to determine the bioavailability 

of zinc in fermented milk as a vehicle with the addition of a 

probiotic (Lactobacillus casei). The zinc sources under study 

were zinc sulfate as a reference standard and zinc gluconate 

stabilized with glycine. Further, the effect on immunological 

response and the antioxidant properties of the fortified food 

were evaluated.  

MATERIALS AND METHODOLOGY 

Bioavailability Assay 

Animals 

 All animal experiments were performed in accordance 

with the “Guide for the Care and Use of Laboratory Ani-

mals, U.S. National Research Council, 1993”. Ninety 18-

day-old Sprague Dawley female rats (School of Agronomy 

and Veterinary, University of Buenos Aires, Argentina)  

were randomly divided into ten groups and were housed in 

stainless steel cages with a grated floor of the same material. 

Water and the diet corresponding to the treatment received 

(see treatments below) were provided ad libitum. Food  

intake was noted daily. Animals were kept in a humidity- 

and temperature-controlled environment with a 12h light- 

12h darkness cycle. 

Diets 

 Diets for bioavailability assay were prepared based on  

a protocol previously described by others [26-29] and used 

in our laboratory [30, 31]. Briefly, diets were prepared  

according to AIN-93G but modified in their zinc content and 

provision [32]. Zinc was provided either as zinc sulfate 

(ZnSO4.7H20, JT BAKER, Mexico) or zinc gluconate  

stabilized with glycine (Lipotech, Argentina) in three  

different levels: 6 ppm, 18 ppm and 35 ppm. The zinc content 

of the diets was determined by atomic absorption spectro- 

photometry. 

Treatments 

 Animals were divided into ten groups receiving the  

following treatments: Groups SZI, SZII and SZIII were fed 

diets containing zinc sulfate at 6 ppm, 18 ppm and 35 ppm, 

respectively. Groups GZI, GZII and GZIII were fed diets 

containing zinc gluconate stabilized with glycine at 6 ppm, 

18 ppm and 35 ppm, respectively. For all six groups,  

the corresponding zinc source was added in the vehicle of 

fermented milk (10% of final diet) containing a probiotic 

(Lactobacillus casei DN114001, >1 E 
08

 ufc/gr). Groups CI, 

CII and CIII were fed diets containing zinc sulfate at 6 ppm, 

18 ppm and 35 ppm, respectively, provided in the same ve-

hicle without probiotic. The 10th group was fed with a diet 

based on AIN -93G without zinc addition (2ppm) [31]. 

 Treatments lasted four weeks and consisted of feeding 

animals the corresponding diet. Food intake was noted daily 

and body weight was recorded twice a week. At the end  

of the treatments, animals were euthanized for sample  

collection. 

Sample Collection and Processing 

 Intestinal lymph nodes and serum collected from blood 

samples were immediately processed as described below for 

the proliferation assay and for the antioxidant capacity assay, 

respectively. 

 Femurs were also extracted and kept frozen at -70ºC until 

they were analyzed for zinc content by atomic absorption 

spectrophotometry, as previously described [33]. 

Mathematical Analysis 

 Relative bioavailability was obtained as previously de-

scribed [30, 31]. Briefly, the ratio among significant parame-

ters of the nonlinear fits of weight gain and femur weight 

and the linear fit of femur zinc content, all as a function  

of dietary zinc concentration, were obtained for the zinc 

source under study and for the reference standard. Compari-

son of these ratios yielded the bioavailability results. Rela-

tive bioavailability by means of weight gain and femur 

weight was calculated using Ymax and Ymax/t1/2 ratio for 

both zinc sources. Similarly, relative bioavailability using 

femur zinc content was calculated using the slope ratio for 

both zinc sources.  

Proliferation Assay 

Groups 

 Animals were evaluated from groups fed diets containing 

zinc sulfate and glycine-stabilized zinc gluconate at level of 

35 ppm, provided in the probiotic (SZIII and GZIII). For 

comparative purposes, a third group that had been fed a bal-

anced diet (Ganave alimentos balanceados, Argentina) was 

included. 

Lymphoid Cell Suspension from Lymph Nodes 

 The cell culture medium used was RPMI 1640 (Gibco™, 

Invitrogen, Carlsbad, USA). Briefly, lymphoid organs were 

aseptically removed and filtered through a 1-mm metal 

mesh, and the resulting cell suspensions were filtered 

through a 10-μm nylon mesh. After three washes in RPMI 

1640 medium, cells were resuspended in RPMI 1640, sup-

plemented with 10% batch-tested, non stimulatory fetal bo-

vine serum (Gibco™, Invitrogen, Carlsbad, USA), 2 mM 

glutamine (Gibco™, Invitrogen, Carlsbad, USA), 100 U/ml 

penicillin (Gibco™, Invitrogen, Carlsbad, USA), and 100 

g/ml streptomycin (Gibco™, Invitrogen, Carlsbad, USA). 
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Cell viability was estimated according to the Trypan blue 

exclusion criteria at over 90%.  

Mitogen Assay 

 Cells (1.5  10
6
 cells/ml) were seeded at a final volume 

of 0.2 ml in 96-well flat-bottom microtiter plates (Nunc™, 

USA) in triplicate aliquots. The T-cell-selective mitogen 

used was Concanavalin A (Con A; Sigma Chemical Co., 

USA), added at 1 μg/ml to the microcultures. Cells were 

cultured at 37°C in a 5% CO2 atmosphere for different peri-

ods. Cells stimulated with the mitogen displayed the ex-

pected kinetic of proliferation, with a peak on day three of 

the culture. Proliferation was measured by adding 0.75 μCi 

[
3
H]-thymidine ([3H]TdR, Perkin Elmer precisely, Boston, 

MA, USA, 20 Ci/mmol) for the last 18-h period of culture. 

Thymidine incorporation was measured by scintillation 

counting after retention over GF/C glass-fiber filters (What-

man International Ltd, Maidstone, UK) of the acid-insoluble 

macromolecular fraction. The activity (disintegrations per 

minute, dpm) in basal cultures was subtracted from the activ-

ity (dpm) in stimulated cultures. The proliferation index was 

calculated as a ratio of proliferations observed with mitogen 

to basal proliferation. For comparative purposes, a group fed 

a balanced diet of 209 ppm of zinc (Ganave alimentos bal-

anceados, Argentina) was included. 

Antioxidant Power Assay 

 Both experiments described below were performed in 

triplicate, and the temperature was kept at 20 ºC. The results 

were expressed in ascorbic acid equivalent units (AEU) cor-

responding to the ascorbic acid concentration necessary to 

achieve the same scavenging velocity as the sample evalu-

ated. Sodium ascorbate (JT BAKER, México) solutions be-

tween 10 and 100 μmol/L in buffer phosphate saline pH 7.6 

were simultaneously prepared. The balanced-diet group was 

also included as in the mitogen assay. 

DPPH Assay 

 The antioxidant status of serum was determined spectro-

photometrically through the Brand-Williams method [34] 

with modifications, using the stable free radical 2,2-

diphenyl-1-picrylhydrazyl (DPPH, Sigma Chemical Co., 

USA). DPPH consumption was calculated as a  absorbance 

from DPPH in the absence and presence of rat serum. Ab-

sorbance at 515 nm was measured by a spectrophotometer 

(Shimadzu-Double beam, UV-visible 210A, Japan) 30 min 

after starting the reaction. 

TEMPO Scavenging Assay 

 The ascorbic acid serum status was determined by elec-

tron spin resonance (ESR) spectroscopy (X band ESR Spec-

trometer Bruker ECS 106, German) as described elsewhere 

[35]. TEMPO (2,2,5,5-tetramethyl-4-piperidin-1-oxyl) (Sigma 

Chemical Co., USA) stock solution (6.3 mmol/L) was pre-

pared with 96% ethanol (Laboratorios Cicarelli, Argentina) 

and stored at 4ºC until needed. In total, 4 μl of TEMPO  

solution was added to 96 μl of serum sample to achieve a 

TEMPO final concentration of 256 μm/l. Each sample was 

put in a capillary that was placed in an ESR quartz tube  

inside the ESR cavity. ESR spectra between 3 min and 9 min 

were recorded at 20ºC. The standard spectrometer settings 

for TEMPO were the following: center field 3480 G. sweep 

width 80 G. microwave power 5.04 mWatt; microwave fre-

quency 9.73 GHz; conversion time 2.56 ms; time constant 

2.56 ms; modulation amplitude 0.107G; modulation fre-

quency 50 kHz; gain 1.12 x 104; resolution 1024 points. All 

spectra were the accumulation of 10 scans. TEMPO signal 

intensity was measured as the total height of the low field 

peak (h+1) in the first derivated spectrum of the 14N triplet 

of the TEMPO nitroxide. 

Statistical Analysis 

 All data were analyzed using a computer statistical pro-

gram (Graph Pad PRISM
®

, Version 3.00, 1999, GraphPad 

Software Inc., San Diego CA, USA). Data from all groups 
included in the bioavailability, proliferation and antioxidant 

power assays were compared via a two-way variance analy-

sis (ANOVA). A post-hoc Tukey’s test was carried out in 
each case, if necessary, to find the differences between 

groups. The level of significance for all tests was P < 0.05 

[36]. 

RESULTS 

Bioavailability 

 Weight gain (g) for groups that were fed diets containing 

zinc sulfate or glycine-stabilized zinc gluconate in the probi-

otic was similar (SZI 62.1±5.3
a
, SZII 72.3±4.3

a
, SZIII 

81.4±4.0
ab

, GZI 68.3±4.2
a
, GZII 77.8±3.0

a
, GZIII 81.8±4.0

a
), 

but was significantly different (p< 0.05) from that of groups 

that received only zinc sulfate (CZI 42.7±6.8
b
, CZII 

70.6±8.2
b
, CZIII 70.2±12.5

b
), considering each level of zinc 

added (for each level with the same provision of zinc, differ-

ent superscripts mean that they are significantly different). 
Dose response curves for weight gain as a function of dietary 

zinc obtained from nonlinear fits are shown in Fig. (1). 

 Relevant nonlinear fit parameters, such as Ymax, which is 
the maximum response reached, T1/2, which is the dietary 

zinc concentration needed to achieve half of the maximum 

response, and the correlation coefficient of the adjustment 
are shown in Table 1. Relative bioavailability calculations 

took into account Ymax and efficiency as a ratio between Y 

max and t1/2. Those values, as well as an average relative 
bioavailability, are also shown in Table 1. 

 Similarly, femur weight (g) was comparable for groups 
that were fed diets containing zinc sulfate or zinc gluconate 

stabilized with glycine in the probiotic (SZI 0.44±0.03
a
, SZII 

0.50±0.03
a
, SZIII 0.51±0.05

ab
, GZI 0.48±0.03

a
, GZII 

0.51±0.03
a
, GZIII 0.52±0.05

a
) but was significantly different 

(p< 0.05) from that of groups which received only zinc sul-

fate (CZI 0.43±0.08
a
, CZII 0.44±0.06

b
, CZIII 0.42±0.03

b
), 

considering each level of zinc added. Dose-response curves 

for femur weight as a function of dietary zinc obtained from 

nonlinear fits are shown in Fig. (2).  

 Nonlinear fit relevant parameters and relative bioavail-

ability calculations are shown in Table 1. As can be seen, the 

value of the maximum effect (Ymax) achieved for weight 
gain and femur weight is higher for zinc gluconate stabilized 

with glycine in the probiotic than for the other zinc source. 
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Fig. (1). Nonlinear weight gain fit as a function of zinc concentration in experimental diets for two different zinc sources: zinc sulfate and 

zinc gluconate stabilized with glycine. Values are shown as mean ± SD. *indicates significant differences among different diets at the same 

dietary zinc concentration. 

Table 1. Non Linear fit Parameters and Relative bioavailability of Zinc Sulfate + Probiotic, Zinc Gluconate Stabilized with Glycine 

+ Probiotic and Zinc Sulfate for Weight Gain and Femur Weight 

Zinc Source R
2
 Ymax (g) RB Ymax t1/2 Ymax/t1/2 RB Ymax/t1/2 Average RB 

Zinc gluconate stabilized 

with glycine + probiotic 
0.9753 81.06 1.12 2.723 29.77 1.56 1.34 

Zinc sulfate + probiotic 0.9748 77.93 1.07 2.891 26.96 1.41 1.24 

Weight gain 

Zinc sulfate 0.9306 72.48 1.00 3.795 19.10 1.00 1.00 

Zinc gluconate stabilized 

with glycine + probiotic 
0.9868 0.52 1.18 1.932 0.27 0.93 1.06 

Zinc sulfate+ probiotic 0.9983 0.50 1.14 1.995 0.25 0.86 1.00 

Femur 

weight 

Zinc sulfate 0.9824 0.44 1.00 1.494 0.29 1.00 1.00 

Parameters of Non Linear fit: R2, Correlation Coefficient of the Adjustment; Ymax, Maximum Response Reached; T1/2, Dietary Zinc Concentration Needed to Achieve Half of the 
Maximum Response; RB, Relative Bioavailability. 
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Fig. (2). Nonlinear femur weight fit as a function of zinc concentration in experimental diets for two different zinc sources: zinc sulfate and 

zinc gluconate stabilized with glycine. Values are shown as mean ± SD. *indicates significant differences among different diets at the same 

dietary zinc concentration. 
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Likewise, the dietary zinc concentration to achieve half  

of the maximum effect (t1/2) is lower for zinc gluconate  

stabilized with glycine than for the other zinc source. 

 Femur zinc content (ppm) was similar for groups that 

were fed diets containing zinc sulfate both with and without 
the probiotic (SZI 43.67±6.96

a
, SZII 76.29±8.01

a
, SZIII 

84.51±2.44
a
, CZI 45.97±3.73

a
, CZII 74.96±4.91

a
, CZIII 

84.94±2.28
a
), but was significantly different (p < 0.05) from 

that of groups that received zinc gluconate stabilized with 

glycine in the probiotic (GZI 49.70±10.78
a
, GZII 

95.29±4.32
b
, GZIII 97.04±8.40

b
), starting with a zinc level 

of 18 ppm (for each level with the same provision of zinc, 

different superscripts mean that they are significantly differ-

ent). Dose-response linear regression fit for femur zinc con-
tent is shown in Fig. (3). A slope ratio was used to determine 

relative bioavailability of zinc, as shown in Table 2. In this 

case, the parameters evaluated as Y-intersection and slope 
demonstrate that the effect of glycine-stabilized zinc gluco-

nate in a probiotic on bone zinc deposition is higher than that 

of the other zinc source. 

Proliferation 

 Selective mitogen-induced T cell proliferative response 

was studied in lymphocytes. Due to the well-known lym-

phoid profile, cell suspensions from lymph nodes were used 

for the T-selective mitogen ConA stimulation. As can be 

seen in Fig. (4), the groups that received glycine-stabilized 

zinc gluconate (GZIII) in the probiotic displayed signifi-

cantly higher [
3
H]TdR incorporation (P< 0.05) than those 

receiving zinc sulfate in the probiotic (SZIII) and the group 

receiving a balanced diet. However, the balanced diet pro-

vided the highest zinc concentration. In addition, these latter 
two groups exhibited a similar proliferation index. 

Antioxidant Power Assay 

 The results for the total antioxidant capacity of serum 

measured by means of the DPPH assay are shown in Fig. (5). 

Antioxidant power tends to increase with the provision of 

zinc in the diet, independently of the zinc source provided. In 

some cases, differences were statistically significant 

(P<0.05). However, it seems that antioxidant power is higher 
when a probiotic is not provided (P<0.05). 

 The antioxidant capacity related to the ascorbic acid 

status in serum was evaluated by means of the TEMPO assay 

Fig. (6). In this case, antioxidant power was similar for all 

dietary zinc levels independent of the zinc source, although 

glycine-stabilized zinc gluconate provided with the probiotic 
rendered significantly higher values (P<0.05). 
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Fig. (3). Linear regression fit for log femur zinc content as a function of zinc dietary concentration in experimental diets for three different 

zinc sources: zinc sulfate + probiotic, zinc gluconate stabilized with glycine + probiotic and zinc sulfate. Values are shown as mean ± SD. 

*indicates significant differences among different diets at the same dietary zinc concentraiton. 

Table 2. Linear Regression Fit Parameters and Relative Bioavailability of Zinc Sulfate + Probiotic, Zinc Gluconate Stabilized with 

Glycine + Probiotic and Zinc Sulfate for Femur Zinc Content 

Zinc Source R
2
 Y Intersection (ppm) Slope RB 

Zinc sulfate + probiotic 0.9989 1.492 ± 0.008 0.022 ± 0.001 1.05 

Zinc gluconate stabilized with 

glycine + probiotic 
0.9857 1.499 ± 0.035 0.026 ± 0.003 1.24 

Femur zinc 

content 

Zinc sulfate 0.9835 1.507±0.030 0.021 ± 0.002 1.00 

Parameters of Linear Regression fit: R2 Correlation Coefficient of Adjustment; Y Intersection; Slope; RB Relative Bioavailability. 
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DISCUSSION AND CONCLUSION 

 Food fortification, which refers to the addition of micro-
nutrients to processed foods, is a very cost effective strategy 
that can lead to relatively rapid improvements in the micro-

nutrient status of a population. An obvious requirement is 
that the fortified food needs to be consumed in adequate 
amounts by the target population. It is also necessary to have 
access to and to use compounds that are easily absorbed and 
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Fig. (4). Mitogen-induced T cell proliferative response with optimal ConA concentration for groups receiving zinc sulfate and zinc gluconate 

stabilized with glycine both provided in the probiotic at 35ppm. Proliferation index was calculated as a ratio between proliferation observed 

with mithogen/basal proliferation. Results are shown as mean ± SD. *P <0.05. 

 

 

 

 

 

 

 

 

Fig. (5). Antioxidant capacity measured by means of DPPH assay for groups recieving zinc sulfate + probiotic, zinc gluconate stabilized with 

glycine + probiotic and zinc sulfate at different zinc dietary concentrations and a commercial balancecd diet. AEU: Ascorbic equivalent 

units. Results are shown as mean ± SD and bars not sharing a superscript are significantly different. 

 

 

 

 

 

 

 

 

Fig. (6). Anitoxidant capacity measured by mean of TEMPO assay for zinc sulfate + probiotic, zinc gluconate stabilized with glycine +  

probiotic and zinc sulfate at different zinc dietary concentrations. AEU: Ascorbic equivalent units. Results are shown as as mean ± SD and 

bars not sharing a superscript are significantly different. 
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that do not affect the sensory properties of foods. For this 
reason, fermented milk is a very interesting vehicle for forti-
fication. The association of zinc with a probiotic appears to 
be a rational combination to improve some health benefits 
that are commonly claimed for each one. Zinc compounds 
that are suitable for use as food fortificants include sulfate, 
chloride, gluconate, oxide and stearate. All of these com-
pounds are either white or colorless but have varying water 
solubilities; some have an unpleasant taste when added to 
certain foods. The effects of added zinc on the sensory prop-
erties of foods should be tested in the combination of vehi-
cle-fortificant at fortification levels. Zinc sulfate is very reac-
tive to the nutritional matrix and changes the color and taste 
of several foods, whereas zinc gluconate stabilized with gly-
cine is less reactive and colorless and thus more suitable to 
be used in technological processes of industrial food fortifi-
cation. The present study described a bioavailability assay to 
evaluate two zinc compounds as candidates for zinc fortifica-
tion of fermented milk in combination with a probiotic such 
as Lactobacillus casei (DN114001). These zinc compounds 
were zinc sulfate as a reference standard and glycine-
stabilized zinc gluconate as the alternative. The results ob-
tained indicate that the presence of the probiotic does not 
interfere with zinc bioavailability of zinc sulfate. Indeed, it 
appears that the probiotic enhances zinc bioavailability 
though the mechanism by which this is achieved is yet un-
known and should be studied in further investigations. Like-
wise, zinc gluconate stabilized with glycine combined with a 
probiotic has similar bioavailability compared to zinc sulfate. 
From analysis of the effects of these two zinc sources, it is 
clear that the combination of the probiotic and zinc gluconate 
stabilized with glycine is superior to zinc sulfate, with or 
without probiotic. Weight gain, femur weight and femur zinc 
content, all indicators of growth and bone development, were 
favored by the combination of glycine-stabilized zinc gluco-
nate and a probiotic. Those results were reinforced with two 
additional assays evaluating important effects of zinc and 
probiotics. The first one was the antioxidant power assay. 
Zinc has been reported to play an important role in the redox 
state as an indirect antioxidant promoter [8]. Oxidative stress 
developed as a consequence of even mild zinc deficiency has 
been related to aging and impaired immune function, DNA 
repair and DNA binding of some regulatory proteins such as 
p53. To prevent these negative consequences, consumption 
of a nutritious food containing antioxidants that have been 
proven effective is an interesting option. Even though probi-
otics have not been considered as antioxidants, zinc has, so 
due to the consequences of redox unbalances, we evaluated 
the antioxidant capacity of both zinc sources in fermented 
milk with added probiotic. From the DPPH and TEMPO 
scavenging assays, total antioxidant capacity and ascorbic-
related antioxidant capacity were similar for all treatments, 
but a tendency for capacity to increase at a higher zinc die-
tary concentration was observed. Likewise, an improvement 
of this effect in the absence of the probiotic was observed, 
but the values were too similar to be conclusive. In both 
cases, all treatments showed higher AEU than for that of the 
balanced diet. Our results clearly demonstrate that it is not 
only the amount of the mineral that is relevant to physiologi-
cal effects, but also the bioavailability of the mineral and 
thus its chemical form. The zinc source of the balanced diet 
is unknown, but it can be speculated that zinc has less 

bioavailability in this diet than in the ones evaluated, or that 
other components present in the balanced diet negatively 
interfere with zinc absorption. 

 Finally, immune function was preliminarily evaluated as 
T cell-mediated immunity. A higher response was observed 
for zinc provided as zinc gluconate stabilized with glycine 
with the probiotic compared to zinc provided as zinc sulfate 
in the same nutritional matrix or in the balanced diet. Further 
research is needed and will be performed in order to achieve 
more conclusive results on this subject. 

 In conclusion, the theoretical combination of two benefi-
cial nutritional components has satisfying results, not only 
from the point of view of bioavailability of the mineral 
source, but also on its practical use, improvement of immu-
nological function, growth and bone development. 
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ABBREVIATIONS 

AEU = Ascorbic equivalent units 

dpm = Disintegrations per minute 

d = Days 

ESR = Electron spin resonance 

g = Grams 

h = Hours 

[3H]TdR = [3H]-thymidine 

Khz = Kilohertz 

min = Minutes 

ppm = Parts per million 
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