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Abstract

2,2-Diphenyl-1-Picrylhydrazyl; EPR: Electron Paramagnetic Resonance

Donkey milk was used as unconventional ingredient for products of new generation. Fresh strawberries and donkey milk were used to
develop an ice cream with a high functional profile. The ice cream was supplemented with two strains of lactic acid bacteria showing probiotic
properties, Lactobacillus plantarum 998 and Bifidobacterium adolescentis ATCC15703. The final product had very low fat levels and achieved an
overrun of 24.7+1.2%. Changes of the main nutritional factors were investigated during 4 months of storage at -20°C. Remarkably, the content
of vitamin C decreased whereas total phenols and the antioxidant capacity resulted stable, with no significant changes. In conclusion, we have
developed a new ice cream proved to be a good carrier of viable probiotic bacteria (over 9 log CFU/g) resistant throughout storage.

Keywords: Functional ice cream; Donkey milk; strawberries; Lactobacillus plantarum; Bifidobacterium adolescentis

Abbreviation: LAB: Lactic Acid Bacteria; TA: Total Titratable Acidity; SSC: Soluble Solids Content; TBC: Total Bacterial Counts; TP: Total
Phenols Amount; GAE: Gallic Acid Equivalent; TAN: Total Anthocyanins Amount; Pg3GE: Pelargonidin 3-Glucoside Equivalents; DPPH:

Introduction

In recent years, probiotic dairy products are considered
the major branch of the functional food Industry, with a
continuously expanding market. Most of microorganisms
currently used as probiotics belong to Lactobacillus and
Bifidobacterium. Their consumption bears multiple benefits
such as the inhibition of bacterial pathogens, protection
against gastrointestinal disorders, improvement of lactose
tolerance, enhance calcium absorption, vitamins synthesis
and stimulation of the immune system [1]. Currently, several
functional dairy products have been proposed: yogurts,
fermented milks and beverages. In addition, the development
of frozen desserts and ice creams with added prebiotics
proved to be a successful application, suitable as vehicle of
probiotic bacteria [2-3]. Recently, donkey milk has recently
gained a growing interest due to its composition, similar to
human milk, and it shows a good tolerability and palatability
[4]. The attractive nutritional features and health-promoting
properties of donkey milk meet the consumer’s demand for
natural and functional foods [5]. So far, donkey milk is not
commonly exploited as a commercial food product. Few

attempts were performed to produce fermented products
using donkey milk, such as fermented milks, yogurt and
probiotic yogurt, all showing promising possibilities for
new dairy applications [6-8]. Strawberries, which are rich in
phenolic compounds, are commonly added to dairy products to
increase their functionality and antioxidant capacity.

The aim of this work was to manufacture an innovative ice
cream that combines the nutritional properties of donkey milk,
the positive properties of fresh strawberries and beneficial
lactic acid bacteria, namely Lactobacillus plantarum 998
and Bifidobacterium adolescentis ATCC 15703. Rheological
parameters such as hardness, nutritive factors like vitamin C,
total anthocyanins, antioxidant capacity and the viability of
lactic acid bacteria after processing and during storage were
evaluated.

Materials and Methods

Organic whole pasteurized and lyophilized donkey milk
(mean composition: dry matter 8.8%, fat 0.3%, proteins 1.9%,
lactose 7.0%), supplied by a specialized donkey breeding
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farm (Azienda Agricola Montebaducco, Salvarano di Quattro
Castella, Reggio Emilia, Italy), was used. According to supplier’s
instructions, donkey milk was reconstituted by dissolving 11
g of powder in 100 ml of sterile distilled water. Strawberries
at commercial maturity (6.32% w/w soluble solids content,
6.02+0.16 meq/100 g fw. total titratable acidity) were
purchased at local market. Before use, strawberries were
dipped for 15min in a commercial chorine sanitizing solution
(Amuchina, ACRAF SpA, Roma, Italy), and then gently rinsed.
Lactobacillus plantarum 998 and Bifidobacterium adolescentis
ATCC 15703 were cultivated in 500ml of MRS broth (Merck
SpA, Vimodrone, Italy) at 30°C for 20 h and MRS broth with
0.1% (w/v) of cysteine at 37°C for 20 h, respectively. LAB
cells were recovered by centrifugation (7000 rpm for 10 min
at 4°C), washed with Ringer solution (Oxoid SpA, Rodano,
Italy), suspended in 20 ml of reconstituted donkey milk and
immediately freeze dried. Before processing, the lyophilized
cells were re-suspended in 20 ml of sterile distilled water.

Processing

Ice cream was prepared using 200 g of homogenized
strawberry, 93 g of sucrose and 200 ml of reconstituted donkey
milk, including the 20 ml of LAB cell suspension. Three batches
were processed using a semi-professional ice cream machine
(Gaggia, Italy). Each batch was shared in six polyethylene
glasses and then stored at -20°C. At each storage time (0, 2 and
4 months) three glasses (one for each batch) were analyzed.

Product characterization

Physico-chemical analyses for the strawberry homogenate,
total titratable acidity (TA) was determined according to
the official method (DM, AOAC, 1985) whereas soluble solids
content (SSC) was measured using a refractometer (RFM81,
Bellingham-Stanley Ltd., England). The pH of donkey milk,
strawberry homogenate and the final blend before processing
was measured.

The following parameters were evaluated for ice
cream

Dry matter (AOAC, 950.15), protein content (ISO 8968-1),
fat content (ISO1211, 2010). Total sugar content and single
sugar composition was determined by HPLC according to
Bouzas [9]. All the analysis were done in triplicate. The energy
content was calculated using the Atwater factors: 4 kcal/g for
protein and carbohydrate and 9 kcal/g for fat. The overrun of
the ice cream samples was calculated according to Akin [10].
Hardness was measured using an Instron Universal Testing
Machine (model 4301, Instron Ltd., Great Britain). Immediately
prior to starting the test, a sample was taken out the freezer,
acquiring one measurement per single sample. The glass
was completely surrounded by crushed ice to maintain the
temperature of the sample during the analysis. The conditions
for analysis were as follows: 2 mm diameter probe penetrated

the ice cream to a depth of 5 mm at 120 mm/min, with 100 N
load cell. The maximum force was recorded.

Microbiological analyses

The microbiological quality of the strawberries (before
and after chlorine disinfection) and of the ice cream at the end
of processing were evaluated by enumerating the following:
total bacterial counts (TBC) on Plate Count Agar (PCA, Oxoid)
incubated at 30°C for 72 h; Enterobacteriaceae on Violet Red
Bile Glucose agar (VRBG, Oxoid) at 37°C for 24 h; yeasts and
molds on Yeast Extract Glucose Chloramphenicol agar (YGC,
Oxoid) at 28°C for 72 h. Analyses were carried out on 25 g of
each sample and results were expressed in CFU/g, as means
of duplicates. The survival of the added LAB strains was
determined on the ice-cream sampled at the end of processing
and after 2 and 4 months of storage at -20°C. Enumerations
were carried out on MRS agar with 0.1% (w/v) cysteine (37°C,
24 h, anaerobiosis) for B. adolescentis ATCC 15703, and on MRS
agar (30°C, 24 h, aerobiosis) for L. plantarum 998. The different
colony morphology (L. plantarum: white colonies, round
shaped; B. adolescentis: translucent colonies, irregular edges,
bigger size) allowed to distinguish easily the two species.

Nutraceutical Evaluation

Ascorbic acid was determined according to Rizzolo [11]
and the result was expressed as mg/100 g. The following
nutraceutical evaluation was performed on ethanol acidified
extract made by mixing 500 mg of lyophilized ice cream and 10
ml of extract mix (EtOH 95% and HC1 0.02 M; 1:1). The mixture
was vortexed for 30 s, then centrifuged at 4°C at 10000 x g for
15 min and filtered on glass wool.

The most important nutraceuticals in strawberry belong
to phenols, so this class of compounds was analysed by
two spectrophotometric different assays

i)  Total phenols amount (TP) was measured according
to Folin-Ciocalteu method, as described by Singleton
and Rossi [12]. Results are expressed as mg gallic acid
equivalent (GAE) in 100 g.

ii) Total anthocyanins amount (TAN) was quantified
by the pH-differential method described by Giusti &
Wrolstad [13]. Results were expressed as mg pelargonidin
3-glucoside equivalents (Pg3GE) in 100g.

Two methods were also used to measure the
antioxidant capacity of ice cream

i)An indirect method, measuring the scavenging activity
on a stabilized artificial free radical, the 2,2-diphenyl-1-
picrylhydrazyl (DPPH) [14] by spectrophotometer (Jasco
V-630 Spectrophotometer,USA). The percent inhibition of
DPPH was evaluated according to the formula: S = 100
-[(Af / Ai) * 100] where Af and Ai are the absorbance (517
nm) at the final and initial point, respectively.
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ii) A direct method, measuring the scavenging activity
on DPPH by electron paramagnetic resonance (EPR),
using a MiniScope MS200 Magnettech spectrometer
(Berlin, Germany). The scavenging activity of the extract
was defined as: DPPH =100 x (h0 - hX )/ h0 [%] where h0 is
the height of the selected band in the EPR spectrum in the
blank (reference), and hX the height of the same band in the
EPR spectrum in the presence of the scavenging solution
(test). The EPR conditions for the DPPH assay are reported
in Picchi [15]. For both methods, units were quantified as
mg Trolox equivalents (TE) in 100g.

Statistical Analysis

Analysis of variance and Tukey’s multiple range test were
usedtodetermine statistically significant differences (p<0.05).
Different letters corresponded to a significant difference. The
software used was Statgraphics version 7 (Manugistic Inc.,
Rockville MD, USA).

Results and Discussion
Ice cream composition

Dry matter of the ice cream was determined 26.44+0.15
g/100g and the component was the
(19.79+0.03g/100g), added for
preparation. Other sugars were found and quantified, i.e.
lactose 2.98+0.02g/100g, mainly from donkey milk, while
glucose 1.13+#0.01g/100 g and fructose 1.28+0.01 g/100
g was attributable to the strawberries. Consistent with

main sucrose

which was ice-cream

the composition of donkey milk, protein content was low
(1.194£0.02g/100g) and the lipids present only in trace
(0.08+0.01g/100g) nutritionally, these ice cream samples can
be classified as low-fat products and the energy provided by
100 g of this ice cream was 106.24+0.39 kcal, which was even
lower from previously published low-calorie functional ice
cream [2].

Physical-chemical properties of the ice cream

The newly generated ice cream was slightly acidic with
a pH of 4.19, this was the result of the mixture of donkey
milk (pH 7.09) and strawberries (pH 3.34). The overrun is a
parameter used to indicate the amount of air incorporated
during the manufacturing process, which defines the texture
of the product, affecting both physical properties and storage
stability. The overrun of our ice cream was 24.7+1.2%, higher
than a sorbet, typically less than 20% [16], and similar to other
functional frozen desserts [2,17]. The overrun was limited
compared to other products with higher fat, protein and
sugar content, or made with supplementation of technological
additives (emulsifiers, stabilizers, anti-crystallizers etc) [18].
The addition of LAB was reported to be non-influential on
the overrun [2].During storage at -20°C, the ice cream had a
significant hardening, showing a fourfold increase of hardness
after 4 months (Figure 1). However, the level of hardness might

be considered acceptable within 2 months of storage since it is
comparable to the hardness values (19 - 37 N) found in other
reduced-fat ice creams [19].
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Figure 1: Hardness of the ice cream samples during storage at

-20 °C. Bars refer to standard deviation (n=3).
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Microbiological quality

The safety of the commercial pasteurized donkey milk
was previously demonstrated [8]. Fresh strawberries were
characterized by a TBC of 3.51 log CFU/g, a yeasts count of
3.76 log CFU/g, whereas, Enterobacteriaceae and molds were
about 1.0 log CFU/g. The disinfection treatment improved the
microbiological quality of raw strawberries, determining more
than 1 log reduction of bacterial load. As a whole, the final ice
cream blend showed a TBC of 2.45 log CFU/g and yeasts at 2.01
log CFU/g. Enterobacteriaceae and molds were not detected
(<1.0 log CFU/g).

Survival of lactic acid bacteria

The added LAB strains showed an extremely high survival
rate (Figure 2). The incorporation of L. plantarum 998,
previously selected by in vivo trials for potential probiotic
characteristics [20], and B. adolescentis ATCC 15703,
commercially used as probiotic in different applications [21],
enabled to obtain more than 9 log CFU/g viable LAB cells in
the ice cream. Bifidobacteria are reported to show a better
survival rate than Lactobacilli [17] but in our case, both L.
plantarum 998 and B. adolescentis ATCC 15703 did not show
any significant reduction after 120 d of storage at -20°C. The
potential therapeutic value of probiotic bacteria normally
depends on the viability of probiotic bacteria which must
be maintained throughout the product shelf-life and the
gut environment [22]. International Dairy Federation (IDF)
suggested that a minimum of 7 log probiotic bacterial cells per
gram should be alive at the time of consumption of the product.
This requirement was successfully achieved detecting a rarely
high viability compared to other studies [10,17]. The strains
employed in this work can be considered suitable candidates
for probiotic application in functional ice creams.

m How to cite this article: Tidona F, Cortellino G, Charfi I, Rizzolo A, Carminati D. Functional Properties of a Strawberry Ice Cream Based on Donkey Milk
and Lactic Acid Bacteria. Nutri Food Sci Int J. 2017; 3(3): 555613. DOI: 10.19080/NFSIJ.2017.03.555613.


http://dx.doi.org/10.19080/NFSIJ.2017.03.555613

Nutrition & Food Science International Journal

4 N\
L. plantarum 938 = B. adolescentis ATCC15703
10 3 3 a a a 3
x T = I oha
8
- &
[TH
o
3 4
2
0
0 2 4
months
Figure 2: Survival of the LAB added in the ice cream during
storage at —20°C.
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Nutraceutical Profile

It is important to understand the evolution of
phytochemicals throughout storage of strawberry ice cream to
predict the real benefits for the consumer. Ascorbic acid is an
important attribute for nutritional labeling and it can restrict
product’s shelf life, being very susceptible to degradation
[23]. The content of ascorbic acid showed a progressive
and significant reduction and after 4 months of storage it
approximately halved the initial content (Table 1). This result
was in agreement with Dermensonlouoglou [23] who showed
a 50% reduction in frozen strawberry stored at -16°C for
4 months. No data about changes of ascorbic acid content in
dairy products made with strawberries are available. In fruits
like strawberries, the main phenolic compounds detected are
anthocyanins, flavonols and derivatives of hydroxycinnamic
and ellagic acid. Anthocyanins are quantitatively the most
important phenolic constituentand they are responsible for the
red color of fresh fruits. However, color changes in strawberry
occur during storage also in refrigerated conditions and the
reduction of anthocyanins content was reported to be one of
the causes for fruit browning [23]. In this study, anthocyanins
showed only a slight, though statistically relevant (P < 0.05),
reduction during storage without evident color changes.
Oliveira [24] found similar results for strawberry yogurt kept
for 28 d at 2°C. Total phenols resulted very stable, preserving
the initial value till the end of storage as observed by Hipélito
[25] in strawberry sorbets stored for 21 d. A valuable result
was obtained regarding the antioxidant capacity of the ice
cream that, even determined by two different methods (DPPH
and EPR), was not only stable throughout the 4 months of
storage but showed a tendency to slightly increase over
time. These findings confirm a good interaction between the
phenolic compounds derived from the strawberries and the
viability of probiotic bacteria to gain antioxidant property of
ice cream as previously reported [26].

Table 1: Ascorbic acid, total polyphenols and anthocyanins,
antioxidant capacity evaluated by DPPH and EPR method. Results
(meantstandard deviation) expressed for 100 g.

Storage Time (Months)

0 2 4
Ascorbic acid (mg) 11.81+0.40° | 8.84+0.15° 6.18+0.29°
Polyphenols (mg GAE) | 95.50+3.47% | 95.674£2.62% | 95.93+3.84
Anthocyanins (mg . b .
Pg3GE) 13.95+0.25¢ | 13.17+0.08" | 12.34+0.47
Antioxidant capacity - . b b
DPPH (mg TE) 9.70+0.31 10.42+0.51° | 10.49+0.24
Antioxidant capacity - . . .
EPR (mg TE) 10.77£0.81* | 11.18+0.52* | 10.83+0.53

Different letters indicate statistically significant differences during
storage.

Conclusion

The high nutritional profile and health-promoting
properties of donkey milk were
micronutrients of a fresh red fruit (strawberries) to produce
an unconventional low-calories functional ice cream, which

combined with the

also proved to successfully deliver viable LAB with probiotic
properties. Except for vitamin C, which gradually decreased,
the nutraceutical value of the ice cream was stable throughout
storage.
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