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Effect of ag,-casein genotype on phenolic compounds and antioxidant
activity in goat milk yogurt fortified with Rhus coriaria leaf powder
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ABSTRACT

The aim of this work was to evaluate the pheno-
lic compounds and antioxidant activity of goat milk
yogurt characterized by different ag;-casein genotypes
and fortified with Rhus coriaria leaf powder. The ag-
casein genotype was determined by isoelectric focusing,
total phenol content was determined by the Folin—
Ciocalteu method, phenolic compounds were identified
and quantified by HPLC-UV analysis, and antioxidant
activity was measured using 2,2'-azino-bis-3-ethylben-
zothiazoline-6-sulfonic acid and ferric-reducing antioxi-
dant power. The statistical analysis showed a signifi-
cant effect of the studied factors. Comparing different
genotypes it emerged that yogurt from goats with weak
alleles at CSN1S1 loci (FF) showed the lowest phenolic
compounds and therefore a lower antioxidant activity
compared with yogurt from goats with strong alleles
at CSN1S1 loci (AA, BB, AB). Rhus coriaria-fortified
yogurt showed a significant increase in total phenolic
compounds and antioxidant activity in comparison
with plain yogurt. The FF-fortified yogurt presented
the lowest total phenol content and antioxidant activity.
This could be due to a greater capacity of proteins and
peptides in this yogurt to form stable complexes with
phenols. The different total phenol content detected in
R. coriaria-fortified yogurt indicates that the ag-casein
genotype influenced the amount of added phenols that
are bound to the caseins and, therefore, the part that
remains free and that affects the biological capacity of
the final product.
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INTRODUCTION

In the last decade, the development of functional
foods with natural ingredients that promote health has
increased (Granato et al., 2017). Yogurt, a very popu-
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lar fermented milk product, is considered an important
functional food for its high nutritive and therapeutic
values. Pattorn et al. (2012) highlighted the numerous
health benefits due to the nutraceutical quality of yo-
gurt. The antioxidant activity of yogurt is mainly due
to whey and casein proteins that have a high tendency
to chelate metals and to donate electrons and atoms
(Colbert and Decker, 1991; Tong et al., 2000; Rival
et al., 2011), and to bacterial fermentation that leads
to the release of several bioactive peptides (Kudoh et
al., 2001; Virtanen et al., 2007; Gomez-Ruiz et al.,
2008). In a recent report, Perna et al. (2013) showed
that the antioxidant activity of cow milk yogurt was
significantly influenced by the casein haplotype prob-
ably because of the specific amino acid sequence of the
milk protein variants that may influence the release
of peptides during proteolysis. Goat milk yogurt is a
healthy alternative to cow milk yogurt, containing more
vitamin A and B; in particular, vitamin B3 content in
goat milk is almost double that of cow milk. Further-
more, due to the ag-CN characteristics, goat milk has
a lower allergenic potential than cow milk; thus, people
intolerant to cow milk yogurt often are able to consume
goat milk yogurt with no adverse effects. In the goat
species, high polymorphism was found at the 4 casein
genes with some alleles associated with null or reduced
expression of the specific protein. From a quantitative
point of view, the CSNI1S1 gene, coding for ag-CN,
is the most variable casein gene. In fact, according to
the ag-CN content, CSN1S1 alleles are sorted into 4
groups: strong alleles (A, A’, B1, B2, B3, B4, B, C, H,
L, and M), producing almost 3.5 g/L of ag-CN each;
intermediate alleles (E and 1), each producing 1.1 g/L;
weak alleles (F'and G), contributing 0.45 g/L; and null
alleles (01, 02, and N), producing no ag-CN (Caroli
et al., 2007; Park et al., 2007). Fortification of yogurt
with polyphenol-rich foods is a widely used technique
to improve both sensory characteristics (Muniandy et
al., 2016) and antioxidant capacity (Gallo et al., 2013;
Perna et al., 2014) of the product. Many kinds of
polyphenol-rich fruits are frequently added in yogurt as
flavorings, even if today nontraditional additives such
as vegetable powders, pulps, and natural extracts ob-
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tained from row vegetable vegetables are often used in
the production of fermented dairy products. Vegetables
are a valuable source of nutrients, are rich in dietary
fiber, minerals, and bioactive components such as vita-
mins, carotenoids, and polyphenols, and are also low in
calories (Srivastava et al., 2015). Consequently, the for-
tification of yogurt with selected vegetables is a method
to enhance health properties and to develop novel
functional dairy products. Several authors have shown
a strong correlation between antioxidant capacity and
phenol content (Beretta et al., 2005; Meda et al., 2005;
Blasa et al., 2006). Rhus coriaria L. (sumac), belonging
to the Anacardiaceae family, is a plant with antioxi-
dant properties that grows in Mediterranean countries,
North Africa, southern Europe, Afghanistan, and Iran
(Nasar-Abbas and Halkman, 2004). It is considered a
valid remedy in traditional medicine for its analgesic,
antidiarrhetic, antiseptic, anorexic, and antihypergly-
cemic properties (Rayne and Mazza, 2007). In the last
decade, several studies have been published on the an-
tibacterial properties of R. coriaria preparations (Ah-
madian-Attari et al., 2008; Motaharinia et al., 2012),
which may be used for food production (Bozan et al.,
2003; Candan and Sokmen, 2004; Kosar et al., 2007).
Rhus coriaria contains various substances including
polyphenols such as gallic acid, methyl gallate, kaemp-
ferol, quercetin (Shabana et al., 2011), and hydrolyz-
able tannins, which have a strong antioxidant effect
(Kosar et al., 2007). Also, gallic acid possesses excellent
antioxidant (Yen et al., 2002), antiobesity (Hsu and
Yen, 2007), hepatoprotective (Jadon et al., 2007), and
anticancer (Sun et al., 2016) activities. In the scientific
literature, no reports are available on the antioxidant
capacity of R. coriaria-fortified yogurt made from goat
milk with different og-CN genotypes. The aim of the
present study was to evaluate the phenolic compounds
and antioxidant activity of goat milk yogurt character-
ized by different aig;-CN genotypes and fortified with R.
coriaria leaf powder.

MATERIALS AND METHODS
Chemicals and Apparatus

The 2,2'-azino-bis-(3-ethylbenzothiazoline-6-sulfonic-
acid; ABTS), 24,6-tripyridyl-s-triazine (TPTZ),
potassium persulfate, hydrochloric acid, ferric chlo-
ride, sodium phosphate, ethyl acetate, acetonitrile,
n-hexane, sodium hydroxide, phosphoric acid,
acetic acid, 2-mercaptoethanol, urea, N,N,N N-
tetramethylethylenediamine, ammonium persulfate,
potassium phosphate monobasic, sodium acetate, gallic
acid, chlorogenic acid, caffeic acid, vanillic acid, p-cou-
maric acid, syring acid, ferulic acid, (—)-epicatechin,
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(4+)-catechin, rutin, narirutin, naringin H, quercitin,
rosmarinic acid, kaempferol, luteolin, and HPLC-grade
methanol were purchased from Sigma-Aldrich (Milan,
Italy). Acrylamide, bis-acrylamide, and ampholine
buffer were purchased from GE Healthcare Amersham
Bioscience (Buckinghamshire, UK). Coomassie Brilliant
blue G250 was purchased from Bio-Rad (Richmond,
CA). Folin-Ciocalteu reagent was purchased from
Carlo Erba (Milan, Italy). All chemicals and solvents
used were of analytical grade. Lactobacillus delbrueckii
ssp. bulgaricus and Streptococcus thermophilus were
purchased from Insao s.r.]. (Liscate, Milan, Italy).
Turkish R. coriaria leaf powder was purchased from
Terza Luna  (http://www.terzaluna.com/prodotto/
sumach-o-sommaco/). Equipment included a UV-VIS
Spectrophotometer 1204 (Shimadzu, Kyoto, Japan),
isoelectric  focusing Multiphor II Electrophoresis
System (Pharmacia LKB, Uppsala, Sweden), and an
HPLC equipped with Varian ProStar Pump model 210,
Rheodyne injector with a 20-pL loop, UV-VIS detector
Varian ProStarmodel 325, and Galaxie chromatogra-
phy software (Varian Inc., Walnut Creek, CA).

Milk Sample

This study was conducted on 32 Maltese goats raised
on the same semi-extensive farm in Potenza province
(southern Italy). The feeding system was conducted
under the typical grazing and management conditions
of herds in southern Italy; namely, natural pasture ad
libitum plus 500 g/head per day of concentrate (260 g
of barley, 85 g of chickpeas, and 155 g of wheat bran).
Before starting the test, about 150 animals in lacta-
tion were identified by isoelectric focusing (IEF) to
define their genotype at the ag-CN locus (CSN1S71),
at the same genotype at CSN1S2 (AA), CSN2 (AA),
and CSN3 (AA) loci (Figure 1). After the definition
of individual phenotypes, the goats were split into 4
groups by CSN1S1 genotype: 3 strong groups, com-
posed of 8 goats homozygous for strong (AA) alleles, 8
goats homozygous for strong (BB) alleles, and 8 goats
heterozygous for strong (AB) alleles, and 1 weak group,
composed of 8 goats homozygous for weak (FF) alleles.
From each animal, 3 L of individual milk was collected
to manufacture 2 yogurts: 1 plain yogurt and 1 R.
coriaria-fortified yogurt, for a total of 32 plain yogurts
and 32 R. coriaria-fortified yogurts.

Genetic Variants of as,-CN by IEF

Individual milk samples were kept at 4°C and defat-
ted by centrifugation (3,000 x ¢ for 30 min at 4°C);
the fat layer was solidified at —20°C for 20 min and re-
moved. Casein was prepared by isoelectric precipitation
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Figure 1. Isoelectric focusing patterns of same Maltese goat milk
samples separated in a pH range of 2.5 to 10. CSN1S1 B (®); CSN1S1
A (0); CSN1S1 F (—).

at pH 4.6 with 10% (vol/vol) acid acetic and 1 M so-
dium acetate at room temperature. After centrifugation
at 3,000 x ¢ for 10 min at 4°C, the casein pellet was
washed twice with distilled water and stored at —20°C.
The whole casein was dissolved in 9 M urea and 1%
2-mercaptoethanol for IEF analysis, according to As-
chaffenburg and Drewry (1959). The genetic variants of
the different ag,;-CN by IEF were determined according
to the method of Trieu-Cuot and Gripon (1981). The
IEF analysis was performed on polyacrylamide gel (5%
acrylamide and 0.15% bisacrylamide) with a thickness
of 1 mm and 2% carrier ampholytes to create a gradient
of pH 2.5 to 10.0. Gel was prefocused at a constant
value of 0.35 W/mL of gel and at the maximum limit of
1,200 V. The gel was stained in Coomassie Blue G-250
according to Blakesley and Boezi (1977).

Preparation of Yogurts and R. coriaria Water Extract

Yogurt samples with added R. coriaria leaf powder
and plain yogurt (without any addition) were prepared.
Briefly, after heat-treating at 95°C for 15 min followed
by cooling to 45°C, all individual milks (2 L for each
sample) were inoculated at the same time with 1%
(vol/vol) S. thermophilus and Lb. delbrueckii ssp. bul-
garicus. Fermentation was carried out at 45°C until the
pH reached a value between 4.5 and 4.7 (~8 h). Once
the desired pH was reached, the R. coriaria leaf powder
(20%, wt/vol) was added and incorporated by mechani-
cal stirring; consequently, the prepared product was a
stirred type yogurt. A control (named R. coriaria water
extract) was also prepared using the same protocol of
yogurt manufacture but without milk. Samples were
cooled at 4°C for 24 h and finally stored at —20°C until
analyzed.
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Sample Preparation for Analysis

Yogurt samples and R. coriaria water extract were
placed in an ultrasound water bath apparatus (Elma
Transsonic 460/H, Singen, Germany) for 10 min at 25°C
and centrifuged at 5,000 x g at 4°C for 20 min. The
supernatant was separately filtered through a 0.45-pm
cellulose acetate membrane filter (Sigma-Aldrich, Mi-
lan, Italy) and was used to measure the total phenolic
compounds, individual phenolic acids, and antioxidant
activity.

Determination of Total Phenolic Content

Quantification of total phenolic compounds was car-
ried out with the Folin—Ciocalteu method as reported
by Citta et al. (2017) with some modifications. Briefly,
100 pL of clear supernatant was added to 100 pL of
Folin—Ciocalteu. After 2 min, 3 mL of 10% Na,CO; was
added and the samples were incubated for 15 min at
room temperature. Absorbance was measured at 765
nm and gallic acid (0-200 mg/L) was used as reference
standard. Results were expressed as milligrams of gallic
acid equivalents (GAE) per gram of water extract or
yogurt.

HPLC-UV Analysis of Phenolic Compounds

Extraction procedure of phenolic compounds for
HPLC analysis was carried out as described by
Dekdouk et al. (2015). Briefly, the clear supernatant
obtained as previously described was lyophilized and
the phenolic compounds were extracted by macera-
tion using ethyl acetate. The solvent was replaced 3
times and obtained extracts were dried using a rotary
evaporator. Finally, the dried ethyl acetate extracts
were defatted by acetonitrile/n-hexane partition and
the acetonitrile fractions were used for analysis. The
phenolic compound analysis was performed in liquid
chromatography as described by Perna et al. (2013).
The phenolic profile was detected at 280 nm, the iden-
tification was carried out by comparing retention time
and spectral characteristics of unknown analytes with
those from commercial standards (Yao et al., 2003),
and the results were expressed as micrograms of phe-
nolic compound per gram of yogurt or water extract.

Antioxidant Activity

The ABTS radical scavenging and ferric-reducing
antioxidant power (FRAP) assays were carried out ac-
cording to Perna et al. (2014). Results were expressed
as milligrams of Trolox equivalents (TE) per gram of
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water extract and micrograms of TE per gram of yo-
gurt.

Statistical Analysis

Data were analyzed according to the following linear
model (SAS version 7, SAS Institute Inc., Cary, NC):

Yip = B+ o + B+ e

where y,;, is the kth observation at the ith level of factor
a and the jth level of factor (3; u is the overall mean;
«; is the fixed effect of the ith genotype (i = 1, 2, 3,
4); B, is the fixed effect of the jth yogurt (j = 1, 2);
and €, is the random error. Before setting the values,
expressed in percentage terms, they were subjected to
arcsine transformation. Student’s t-test was used for all
variable comparisons. Results are presented as mean
+ standard deviation. Differences between means at
the 95% (P < 0.05) confidence level were considered
statistically significant.

RESULTS AND DISCUSSION

Phenolic Compound Content and Antioxidant
Activity of R. coriaria Water Extract

Rhus coriaria plant is a rich source of phenolic acids,
condensed and hydrolyzable tannins, anthocyanins,
gallic acid derivatives, flavonoid glycosides, and or-
ganic acids (Abu-Reidah et al., 2015). Total phenols
and individual phenolic compounds content of water
extract from R. coriaria leaf powder, prepared using
the same protocol of yogurt manufacture but without
milk, is reported in Table 1. The total amount of phe-
nolic compounds extracted from R. coriaria leaves was
15.87 mg of GAE/g of water extract, in line with what
was reported by Romeo et al. (2015). Rhus coriaria
water extract showed a wide variety of the phenolic
components detected by HPLC analysis (Table 1), in
agreement with what was reported by other authors
(Jakobek et al., 2007; Kosar et al., 2007; Abu-Reidah
et al., 2015). In particular, 11 phenolic compounds were
identified and quantified: 4 flavonoids and 7 phenolic
acids (Figure 2). The presence and content of pheno-
lic compounds detected in our study were in line with
what was reported by several authors (Kosar et al.,
2007; Al-Boushi et al., 2014) in the R. coriaria plant.
As for the phenolic acids, gallic acid was particularly
high (924.36 pg/g of water extract), confirming what
was reported by Ferk et al. (2007) and Kosar et al.
(2007), who defined gallic acid as the active principle
of the R. coriaria plant. The total amount of phenolic
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acids identified and quantified in the R. coriaria water
extract was 1,213.49 pg/g of water extract, correspond-
ing to the 7.65% of total phenol content; in particular,
the gallic acid content corresponds to 5.82% of total
phenolic compounds. The total amount of individual
flavonols identified and quantified in the R. coriaria
water extract was 510.12 pg/g of water extract, corre-
sponding to the 3.21% of total phenol content. Among
these, epicatechin is the most represented flavonol
found in R. coriaria water extract at a concentration
of 193.08 pg/g of water extract, whereas narirutin was
found at a lower concentration (93.99 ng/g of water
extract) with respect to the other detected individual
flavonoid compounds. Closely related to the polyphenol
content is the antioxidant activity. Rhus coriaria water
extract showed a high antioxidant capacity (Table 2).
In particular, the antioxidant activity was 725.75 and
41.27 mg of TE/g of water extract when the ABTS and
FRAP assays were applied. Ferk et al. (2007) estimated
the antioxidant power of R. coriaria to be 50 times
greater than that of vitamin E and C. Chakraborty et
al. (2009) highlighted that the antioxidant capacity of
the R. coriaria is closely related to the presence and
content of flavonoids and gallic acid.

Phenolic Compound Content and Antioxidant
Activity of R. coriaria-Fortified Yogurt

The total phenol content of the studied yogurt sam-
ples is reported in Table 3. Regardless of the considered
genotype, total phenol content in plain yogurt was 3.31
mg of GAE/g of yogurt. It is necessary to specify that
the Folin—Ciocalteu reactivity of plain yogurt is due to
the presence of both phenols deriving from the animal
feeding and nonphenolic milk compounds such as low
molecular weight antioxidants, free amino acids, pep-
tides, and proteins (Helal and Tagliazucchi, 2018).
Many authors (Besle et al., 2010; Sepe et al., 2011; Di
Trana et al., 2015) highlighted the influence of diet on
the polyphenol content in milk. De Feo et al. (2006)
showed a positive correlation in goat milk between in-
gestion of fodder and antioxidant components, mainly
flavonoids, such as rutin and quercetin. Comparing dif-
ferent genotypes, ag-F'F plain yogurt showed lower to-
tal phenol content compared with the strong ag-CN
yogurt (P < 0.05). The differences observed among the
genotypes could be due to lower efficiency of feed utili-
zation, lower capacity of feed intake, worse ability to
select feed, and lower efficiency of nutrient transfer to
the milk of goats with «g;-FF than those with strong
genotypes (Avondo et al., 2009; Pagano et al., 2010;
Bonanno et al., 2013). Rhus coriaria-fortified yogurt
showed a significant (P < 0.01) increase in total pheno-
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Table 1. Total phenolic and individual phenolic compound content of water extract from Rhus coriaria leaf

powder

R. coriaria water extract

Item Mean SD
Total phenolic (mg of acid gallic equivalent/g of water extract) 15.87 0.55
Phenolic acid (pg/g of water extract)
Gallic acid 924.36 53.81
Rosmarinic acid 217.02 29.64
Chlorogenic acid 21.22 5.21
Vanillic acid 22.27 6.38
Caffeic acid 8.63 1.23
p-Coumaric acid 9.57 2.01
Syring acid 10.42 1.98
Flavonoid (pg/g of water extract)
Epicatechin 193.08 18.94
Catechin 112.02 11.87
Rutin 111.03 12.34
Narirutin 93.99 9.87

lic compounds in comparison with plain yogurt (Table
3). Regardless of the considered genotype, the total
amount of phenolic compounds in fortified yogurt was
11.18 mg of GAE/g of yogurt, which resulted in a value
of 7.87 mg of GAE/g of yogurt when corrected for the
contribution of plain yogurt (3.31 mg of GAE/g of yo-
gurt). The comparison with total phenol content de-
tected in the R. coriaria water extract highlighted that
the amount of total phenolic detectable with the Folin—
Ciocalteau method in R. coriaria-fortified yogurt was
53.94%, whereas the remainder remains bound to milk
proteins. Statistical analysis showed a significant effect
of casein genotype on the phenolic content and antioxi-
dant activity of fortified yogurt (P < 0.001). In particu-
lar, total phenolic content was higher in yogurt from
goats with strong alleles at CSN1S1 loci (AA, BB, AB)
than yogurt from goats with weak alleles at CSN151
loci (FF). It is known that polyphenols have a high
binding affinity for proteins, which leads to the forma-
tion of soluble or insoluble complexes (Papadopoulou
and Frazier, 2004; Helal and Tagliazucchi, 2018). Nu-
merous hydrophobic interactions occur particularly
between polyphenols and proline-rich proteins, such as
casein (Richard et al., 2006; Soares et al., 2007; Frazier
et al., 2010). Kartsova and Alekseeva (2008) reported
that the catechin binds to proteins, according to the
order 3-CN > a-CN > k-CN > whey protein. The milk
protein polymorphism affects the amino acid composi-
tion of protein and, consequently, the ability to bond
with phenols. Korhonen and Marnila (2013) found that
the A” variant of 3-CN shows a greater ability to inter-
act with phenolic compounds compared with A’ variant
because of its Pro residue in the chain. In this study,
FF-fortified yogurt presented the lowest total phenol
content (P < 0.05). As the nitrogenous fraction of yo-
gurt is characterized by the simultaneous presence of

intact lactoproteins (caseins and whey proteins) and
peptides of various molecular weights, these results
could be due to a greater capacity of proteins and pep-
tides in F'F yogurt to form stable complexes with phe-
nols. Leroux et al. (1992) found that several phenotypes
of ag;-CN are associated with the F allele. It is known
that F variant, compared with A variant (199 amino
acids), originates from internal deletions due to the
outsplicing of 3 exons during pre-mRNA processing.
Moreover, in addition to the major transcript form hav-
ing 3 skipped exons, the above-mentioned authors iden-
tified multiple forms of variant F that originate by a
dysfunction of the splicing machinery in which large
multicomponent complexes, the spliceosomes, are in-
volved. These multiple forms could have a different
primary structure, which could lead to the formation of
peptides with sites that have different reactivity with
the phenolic molecules. Moreover, in FF goat milk, the
lower ag-CN content may be partially compensated by
other caseins (Greppi and Roncada, 2008; Valenti et
al., 2012). Specifically, Tziboula (1997) observed high
ag-CN content in goat milk homozygous for weak or
null alleles at CSN1S51 locus; this could result in a fur-
ther increase in the ability to form complexes with
phenols. The most representative monomeric phenolic
compounds in the supernatant of R. coriaria-fortified
yogurt were identified and quantified using HPLC
(Table 4). All detected phenols were present in all
samples of studied yogurts and, as found in the R. co-
riaria water extract, gallic acid was the individual
phenolic compound found at the highest concentration
(321.99 pg/g of yogurt). As expected, no phenolic acids
and flavonoids were found in the plain yogurt. The
comparison with the amount of phenolic compounds
detected in the R. coriaria water extract revealed that
only a part of phenolic compounds was recovered in the
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Figure 2. High-performance liquid chromatograms (detected at 280 nm) of Rhus coriaria water extract (a) and standard mixture of poly-

phenols (b). Peaks: 1, gallic acid; 2, catechin; 3, vanillic acid; 4, chlorogenic acid; 5, caffeic acid; 6, syring acid; 7, epicatechin; 8, p-coumaric
acid; 9, ferulic acid; 10, rutin; 11, narirutin; 12, naringin H; 13, rosmarinic acid; 14, kaempferol; 15, quercetin; 16, luteolin. RT = retention time.

supernatant of R. coriaria-fortified yogurt (Table 4). yogurt. The recovery yield was different among the dif-
These findings were in line with what was detected by ferent monomeric compounds; in particular, among the
Helal and Tagliazucchi (2018) in cinnamon-fortified phenolic acids, gallic acid, coumaric acid, and vanillic

Table 2. Antioxidant activity' of water extract from Rhus coriaria leaf powder

R. coriaria water extract

Item® Mean SD
ABTS (mg of Trolox equivalents/g of water extract) 725.75 55.21
FRAP (mg of Trolox equivalents/g of water extract) 41.27 2.12

'ABTS = 2,2'-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid radical scavenging assay; FRAP = ferric-reduc-
ing antioxidant power assay.

Journal of Dairy Science Vol. 101 No. 9, 2018
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Table 3. Total phenolic content (mg of gallic acid equivalents/g of yogurt) in plain yogurt and Rhus coriaria-

fortified yogurt separately for ag;-casein genotype

Plain yogurt
(32 samples)

R. coriaria-fortified yogurt
(32 samples)

ag-CN genotype Mean SD Mean SD

AA 37284 0.28 11.49*8 1.50
AB 3.42%4 0.41 11.39*8 1.55
BB 3.37%4 0.48 12.01>P 2.23
FF 2.71"A 0.34 9.83"P 1.16

**Different lowercase superscripts depict the statistical difference within a column (P < 0.05) among means for
the same yogurt batches at different ag-casein genotype.

APBDifferent uppercase superscripts depict the statistical difference within a row (P < 0.01) between means for

different yogurt batches.

acid showed a recovery yield higher than 33%, whereas
among the flavonoids, a higher recovery yield was de-
tected for catechin and rutin (>20%). Rosmarinic acid
showed the lowest recovery (<6%). Statistical analysis
showed a significant effect of the genotype on the
amount of monomeric phenolic compounds in the su-
pernatant of R. coriaria-fortified yogurt (P < 0.01). In
particular, comparing different genotypes it emerged
that F'F goat yogurt showed the lowest content of all
detected phenolic compounds (Table 5). In addition,
FF yogurt also showed a lower recovery yield for all
detected phenols compared with strong ag;-CN yogurt
(Figure 3), highlighting, however, a recovery of more
than 25% for coumaric acid, vanillic acid, and gallic
acid (27.11, 27.10, and 24.90%, respectively). The ob-
served variations in the recovery of the different com-
pounds are attributable to the binding affinity between
individual phenols and protein. In support of this, Helal
et al. (2014) found that caseins had high binding affin-

ity with kaempferol and low with syringic acid; Kanakis
et al. (2011) reported that 3-LG had a high binding
affinity with epigallocatechin, whereas with catechin it
presented a low binding energy. The ABTS and FRAP
activities of plain and fortified yogurt are shown in
Table 6. Regardless of the considered genotype, forti-
fied yogurt exhibited significantly higher antioxidant
activity than the plain yogurt both in the ABTS and
FRAP assay (7,884.90 and 1,105.28 vs. 860.60 and
67.12 pg of TE/g of yogurt, respectively), in line with
what was reported by several authors (Najgebauer-
Lejko et al., 2011; Chouchouli et al., 2013; Frumento et
al., 2013) who highlighted a positive correlation be-
tween yogurt fortification with vegetables and antioxi-
dant activity. In particular, the values of ABTS and
FRAP in fortified yogurt were about 9 and 19 times,
respectively, higher than the value of the plain yogurt.
Antioxidant activity of yogurt is influenced by the ca-
sein genotype (P < 0.01), in agreement with what was

Table 4. Monomeric phenolic compounds in the Rhus coriaria water extract and R. coriaria-fortified yogurt supernatant’ determined by HPLC

R. coriaria water extract
(ng/g of water extract)

R. coriaria-fortified yogurts
(ng/g of yogurt)

Recovery®
Ttem Mean SD Mean SD (%)
Phenolic acid
Gallic acid 924.36 53.81 321.99 31.92 34.83
Rosmarinic acid 217.02 29.64 12.09 2.72 5.57
Chlorogenic acid 21.22 5.21 5.40 0.85 25.45
Vanillic acid 22.27 6.38 7.41 1.73 33.27
Caffeic acid 8.63 1.23 1.67 0.41 19.42
p-Coumaric acid 9.57 2.01 3.33 0.78 34.77
Syring acid 10.42 1.98 2.30 0.62 22.05
Flavonoid
Epicatechin 193.08 18.94 36.92 7.41 19.12
Catechin 112.02 11.87 26.28 6.32 23.46
Rutin 111.03 12.34 30.20 7.34 27.20
Narirutin 93.99 9.87 11.28 2.51 12.01

Monomeric phenolic compounds in R. coriaria-fortified yogurt supernatant was defined as the mean of each monomeric compound independent

of ag-casein genotype.

*The recovery yield was defined as the percentage ratio between the concentration in the R. coriaria-fortified yogurt and the concentration in

the R. coriaria water extract.
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Table 5. Monomeric phenolic compounds in Rhus coriaria-fortified yogurts supernatant determined by HPLC separately for ag;-casein genotype

ag-CN genotype

AA AB BB FF
(8 samples) (8 samples) (8 samples) (8 samples)

Item Mean SD Mean SD Mean SD Mean SD
Phenolic acid (pg/g of yogurt)

Gallic acid 358.91" 46.02 356.89" 27.75 342.01" 30.21 230.15" 23.69

Rosmarinic acid 11.69" 1.76 13.86" 5.14 13.02° 2.30 9.79" 1.70

Chlorogenic acid 5.33" 0.78 5.83" 0.90 5.73" 1.42 4.72" 0.31

Vanillic acid 6.96" 0.40 8.67" 3.96 7.97" 1.79 6.03" 0.75

Caffeic acid 1.61" 0.14 2.00" 0.97 1.73" 0.25 1.36" 0.29

p-Coumaric acid 347" 0.55 3.89" 1.03 3.35" 0.66 2.59" 0.89

Syring acid 2.23" 0.34 2.62" 0.90 2.50" 0.75 1.84" 0.51
Flavonoid (pg/g of yogurt)

Epicatechin 37.89" 3.71 38.30" 13.44 42.48" 7.42 29.02" 5.06

Catechin 26.17" 2.84 30.16" 11.29 26.88" 7.11 21.90" 4.04

Rutin 30.99" 4.28 32.97" 10.18 35.53" 9.95 21.32" 4.95

Narirutin 11.67" 2.34 11.73* 3.27 13.16" 1.95 8.57" 2.48

*"Different superscripts depict the statistical difference within a row (P < 0.05) among means for the same yogurt batches at different ag;-casein

genotypes.

detected by Perna et al. (2013). Comparing different
genotypes, FF plain yogurt showed the lowest radical
scavenging activity and FRAP (P < 0.05). The anti-
oxidant capacity of plain samples is mainly due to the
proteolytic activity of the starter lactobacilli used in
yogurt production that leads to the formation of bioac-
tive peptides with antioxidant activity (Virtanen et al.,
2007; Gémez-Ruiz et al., 2008; Rutella et al., 2016).
The genetic polymorphism affects the type of bioactive
peptides released from milk proteins (Minervini et al.,
2003; De Noni et al., 2009); the peptides released from
the A variant of 3-LG are small (3 kDa) and they are
responsible for antioxidant activity compared with the
AB variant (Herndndez-Ledesma et al., 2005). More-

45 -~

35 7

25 1

Recovery (%)

15 A

over, antioxidant activity of yogurt is affected by heat
treatment undergone during manufacture (Galleher et
al., 2005), by the production of organic acids during
fermentation and after acidification (Correia et al.,
2004), and by enzymatic hydrolysis of whey protein and
casein that leads to the possible aggregation of peptide
processes (Adt et al., 2011). The lower antioxidant ca-
pacity found in FF plain yogurt could also be explained
by the lower content of fat and protein, as reported by
Havemose et al. (2006). Chiang and Chang (2005) and
De Marchi et al. (2007) highlighted a positive correla-
tion between protein content and antioxidant activity.
The antioxidant capacity of R. coriaria-fortified yogurt
is closely associated with the ag-CN genotype (P <

mAA [JAB mBB ®mFF

acid acid

Gallicacid Rosmarinic Chlorogenic Vanillic acid Caffeic acid p-Coumaric Syring acid Epicatechin  Catechin

Rutin Narirutin

acid

Figure 3. Recovery (%) of individual phenolic compounds, defined as the percentage ratio between the concentration in the Rhus coriaria-
fortified yogurt supernatant and the concentration in the R. coriaria water extract, separately for ag-casein genotypes.

Journal of Dairy Science Vol. 101 No. 9, 2018



ANTIOXIDANT ACTIVITY OF GOAT YOGURTS FORTIFIED WITH SUMAC

7699

Table 6. Antioxidant activity (pg of Trolox equivalents/g of yogurt) of plain yogurt and Rhus coriaria-fortified yogurt supernatant separately

. 1
for ag-casein genotype

ABTS FRAP

Plain yogurt R. coriaria-fortified Plain yogurt R. coriaria-fortified

(32 samples) yogurt (32 samples) (32 samples) yogurt (32 samples)
()LSI-CN
genotype Mean SD Mean SD Mean SD Mean SD
AA 954.11** 149.83 8,162.74*8 1,306.79 82.99"4 13.70 1,452.70™" 247.96
AB 903.37%4 101.61 8,128.08*" 1,242.91 72.34%4 7.76 1,394.448 278.82
BB 896.38"* 135.32 8,322.10™8 1,301.23 72.074™4 8.03 1,477.95"8 324.27
FF 688.54"4 93.96 6,926.69" 850.87 41.09"4 7.80 960.13"2 169.89

**Different lowercase superscripts depict the statistical difference within a column (P < 0.05) among means for the same yogurt batches at dif-

ferent ag;-casein genotypes.

ABDifferent uppercase superscripts, for each assay, depict the statistical difference within a row (P < 0.001) between means for different yogurt

batches.

'ABTS = 2,2'-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid radical scavenging assay; FRAP = ferric-reducing antioxidant power assay.

0.01), in agreement with that detected by Perna et al.
(2014) who studied the effect of casein haplotype on
antioxidant activity of cow yogurt fortified with sulla
and chestnut honey. Prigent and Dimitrov (2003)
showed that the effect of the interaction between pro-
teins or peptides (or both) and phenolic compounds on
antioxidant activity depends on amino acid composi-
tion of the proteins and type of phenols. The FF-forti-
fied yogurt showed the lowest values for ABTS and
FRAP, confirming the results obtained by the Folin—
Ciocalteu method. The different behavior detected
among fortified yogurts led us to hypothesize that the
effects of protein-polyphenol complex on antioxidant
capacity are interactive, in agreement with Arts et al.
(2002). On the other hand, the interaction between
polyphenols and milk proteins could have a protective
effect because this interaction may provide a physical
trapping and therefore increase the stability of poly-
phenols during digestion. Whether a fraction of added
polyphenols will remain unbound and exert antioxidant
activity depends greatly on the proteins/added poly-
phenols ratio, as detected by Najgebauer-Lejko et al.
(2011) in yogurts fortified with catechin-rich tea infu-
sions.

CONCLUSIONS

The possibility of using goat milk for the production
of fortified fermented products can allow development
of new nutraceutical foods. The results obtained in this
research highlights the role of milk protein polymor-
phisms and polyphenols on antioxidant capacity of for-
tified goat milk yogurt. In particular, in this study ag;-
FF fortified yogurt showed the lowest phenol content
and therefore a lower antioxidant activity compared
with the strong ag-CN yogurt. The different total phe-
nol content detected in R. coriaria-fortified yogurt in-

dicate that the ag-CN genotype influenced the amount
of added phenols that are bound to the caseins and,
therefore, the part that remains free and that affects
the biological capacity of the final product. However,
to better evaluate the effects of goat yogurt-R. coriaria
combination, future investigations on bioavailability
of polyphenols after digestion of R. coriaria-fortified
yogurt are needed.

REFERENCES

Abu-Reidah, I. M., M. S. Ali-Shtayeh, R. M. Jamous, D. Arrdez-
Romaén, and A. Segura-Carretero. 2015. HPLC-DAD-ESI-MS/MS
screening of bioactive components from Rhus coriaria L. (Sumac)
fruits. Food Chem. 166:179-191.

Adt, I., C. Dupas, R. Boutrou, N. Oulahal, C. Noel, D. Mollé, T.
Jouvet, and P. Degraeve. 2011. Identification of caseinophospho-
peptides generated through in vitro gastro-intestinal digestion of
Beaufort cheese. Int. Dairy J. 21:129-134.

Ahmadian-Attari, M. M., G. H. R. Amin, M. R. Fazeli, and H. Jamali-
far. 2008. A review on antimicrobial activities of sumac fruit (Rhus
coriaria L.). J. Med. Plant 7:1-9.

Al-Boushi, M. A., H. H. Hamdo, and J. Herbali. 2014. Extraction and
study of the phenolic compounds in the leaves and sticks of the
Syrian sumac plant (Rhus coriaria L.). Int. J. Food Sci. Technol.
6:2414-2420.

Arts, M. J. T. J., G. R. M. M. Haenen, L. C. Wilms, S. A. J. N. Beet-
stra, C. G. M. Heijnen, H. P. Voss, and A. Bast. 2002. Interactions
between flavonoids and proteins: Effect on the total antioxidant
capacity. J. Agric. Food Chem. 50:1184-1187.

Aschaffenburg, R., and J. Drewry. 1959. New procedure for the routine
determination of the various non-casein proteins of milk. Pages
1631-1637 in 15th Int. Dairy Congr., London, UK. Vol. 3. Richard
Clay and Co. Ltd., Bungay, Suffolk, UK.

Avondo, M., R. I. Pagano, A. M. Guastella, A. Criscione, M. Di Glo-
ria, B. Valenti, G. Piccione, and P. Pennisi. 2009. Diet selection
and milk production and composition in Girgentana goats with
different ag-casein genotype. J. Dairy Res. 76:202-209.

Beretta, G., P. Granata, M. Ferrero, M. Orioli, and R. Maffei Facino.
2005. Standardization of antioxidant properties of honey by com-
bination of spectrophotometric/fluorimetric assays and chemomet-
rics. Anal. Chim. Acta 533:185-191.

Besle, J. M., D. Viala, B. Martin, P. Pradel, and J. B. Coulon. 2010.
Ultraviolet-absorbing compounds in milk are related to forage
polyphenols. J. Dairy Sci. 93:2846-2856.

Journal of Dairy Science Vol. 101 No. 9, 2018



7700

Blakesley, R. W., and J. A. Boezi. 1977. A new staining technique
for proteins in polyacrylamide gels using Comassie Brilliant Blue
G250. Anal. Biochem. 82:580-582.

Blasa, M., M. Candiracci, A. Accorsi, M. P. Piacentini, M. C. Alber-
tini, and E. Piatti. 2006. Raw Millefiori honey is packed full of
antioxidants. Food Chem. 97:217-222.

Bonanno, A.; A. Di Grigoli, M. Montalbano, V. Bellina, F. Mazza, and
M. Todaro. 2013. Effects of diet on casein and fatty acid profiles of
milk from goats differing in genotype for ag;-casein synthesis. Eur.
Food Res. Technol. 237:951-963.

Bozan, B., M. Kosar, Z. Tunalier, N. Ozturk, and K. H. C. Baser.
2003. Antioxidant and free radical scavenging activities of Rhus co-
riaria and Cinnamonium cassia extracts. Acta Aliment. 32:52—61.

Candan, F.; and A. Sokmen. 2004. Effects of Rhus coriaria L. (Anacar-
diaceae) on lipid peroxidation and free radical scavenging activity.
Phytother. Res. 18:84-86.

Caroli, A., F. Chiatti, and S. Chessa. 2007. Characterization of the
casein gene complex in West African goats and description of a
new ag;-casein polymorphism. J. Dairy Sci. 90:2989-2996.

Chakraborty, A., F. Ferk, T. Simic, A. Brantner, M. Dusinska, M.
Kundi, C. Hoelzl, A. Nersesyan, and S. Knasmuller. 2009. DNA
protective effects of sumach (Rhus coriaria L.), a common spice:
Results of human and animal studies. Mutat. Res. 661:10-17.

Chiang, S. H., and C. Y. Chang. 2005. Antioxidant properties of ca-
seins and whey proteins from colostrums. J. Food Drug Anal.
13:57-63.

Chouchouli, V., N. Kalogeropoulos, J. S. Konteles, E. Karvela, P. D.
Makris, and V. T. Karathanos. 2013. Fortification of yoghurts
with grape (Vitis vinifera) seed extracts. J. Food Sci. Technol.
53:522-529.

Citta, A., A. Folda, V. Scalcon, G. Scutari, A. Bindoli, M. Bellamio,
E. Feller, and M. P. Rigobello. 2017. Oxidative changes in lipids,
proteins, and antioxidants in yogurt during the shelf life. Food Sci.
Nutr. 5:1079-1087.

Colbert, L. B., and E. A. Decker. 1991. Antioxidant activity of an
ultrafiltration permeate from acid whey. Food Sci. 56:1248-1250.

Correia, I. A., I. Nunes, F. Duarte, A. Barros, and I. Elgadillo. 2004.
Sorghum fermentation followed by spectroscopic techniques. Food
Chem. 90:853-859.

De Feo, V., E. Quaranta, V. Fedele, S. Claps, R. Rubino, and C. Pizza.
2006. Flavonoids and terpenoids in goat milk in relation to forage
intake. Ital. J. Food Sci. 18:85-92.

De Marchi, M., R. Dal Zotto, M. Cassandro, and G. Bittante. 2007.
Milk coagulation ability of five dairy cattle breeds. J. Dairy Sci.
90:3986-3992.

De Noni, 1., R. J. FitzGerald, H. J. T. Korhonen, Y. Le Roux, C. T.
Livesey, 1. Thorsdottir, D. Tome, and R. Witkamp. 2009. Review
of the potential health impact of 3-casomorphins and related pep-
tides. EFSA Sci. Rep. 231:1-107.

Dekdouk, N., N. Malafronte, D. Russo, I. Faraone, N. De Tommasi, S.
Ameddah, L. Severino, and L. Milella. 2015. Phenolic compounds
from Olea europaea L. possess antioxidant activity and inhibit car-
bohydrate metabolizing enzymes in vitro. Evid. Based Comple-
ment. Alternat. Med. 2015:684925.

Di Trana, A., A. Bonanno, S. Cecchini, D. Giorgio, A. Di Grigoli, and
S. Claps. 2015. Effects of Sulla forage (Sulla coronarium L.) on the
oxidative status and milk polyphenol content in goats. J. Dairy
Sci. 98:37-46.

Ferk, F., A. Chakraborty, T. Simic, M. Kundi, and S. Knasmiiller.
2007. Antioxidant and free radical scavenging activities of sumac
(Rhus coriaria) and identification of gallic acid as its active prin-
ciple. BMC Pharmacol. 7:A71.

Frazier, R. A., E. R. Deaville, R. J. Green, E. Stringano, I. Willoughby,
J. Plant, and I. Mueller-Harvey. 2010. Interactions of tea tannins
and condensed tannins with proteins. J. Pharm. Biomed. Anal.
51:490-495.

Frumento, D., A. P. do Espirito Santo, B. Aliakbarian, A. A. Casazza,
M. Gallo, and A. Converti. 2013. Development of milk fermented
with Lactobacillus acidophilus fortified with Vitis vinifera Marc
Flour. Food Technol. Biotechnol. 51:370-375.

Journal of Dairy Science Vol. 101 No. 9, 2018

PERNAETAL.

Galleher, J. J., D. G. R. Hollender, R. F. Peterson, J. Roberts, and
N. Coupland. 2005. Effect of composition and antioxidants on the
oxidative stability of fluid milk supplemented with an algae oil
emulsion. Int. Dairy J. 15:333-341.

Gallo, M., V. Giovanni, G. Giulia, D. Carmela, and F. Pasquale. 2013.
The interaction of cocoa polyphenols with milk proteins studied by
proteomic techniques. Food Res. Int. 54:406-415.

Goémez-Ruiz, J. A., 1. Lépez-Expésito, A. Pihlanto, M. Ramos, and
1. Recio. 2008. Antioxidant activity of ovine casein hydrolysates:
identification of active peptides by HPLC-MS/MS. Eur. Food Res.
Technol. 22:1061-1067.

Granato, D., D. S. Nunes, and F. J. Barba. 2017. An integrated strat-
egy between food chemistry, biology, nutrition, pharmacology,
and statistics in the development of functional foods: A proposal.
Trends Food Sci. Technol. 62:13-22.

Greppi, G., and P. Roncada. 2008. Protein components of goat’s milk.
In Dairy Goats Feeding and Nutrition. A. Cannas and G. Pulina,
ed. 4:47-71.

Havemose, M. S., M. R. Weisbjerg, W. L. P. Bredie, H. D. Poulsen,
and J. H. Nielsen. 2006. Oxidative stability of milk influenced by
fatty acids, antioxidants, and copper derived from feed. J. Dairy
Sci. 89:1970-1980.

Helal, A., and D. Tagliazucchi. 2018. Impact of in vitro gastro-pancre-
atic digestion on polyphenols and cinnamaldehyde bioaccessibility
and antioxidant activity in stirred cinnamon-fortified yogurt. Int.
J. Food Sci. Technol. 89:164-170.

Helal, A., D. Tagliazucchi, E. Verzelloni, and A. Conte. 2014. Bioacces-
sibility of polyphenols and cinnamaldehyde in cinnamon beverages
subjected to in vitro gastropancreatic digestion. J. Funct. Foods
7:506-516.

Hernédndez-Ledesma, B., B. Miralles, L. Amigo, M. Ramos, and I.
Recio. 2005. Identification of antioxidant and ACE-inhibitory pep-
tides in fermented milk. J. Sci. Food Agric. 85:1041-1048.

Hsu, C. L., and G. C. Yen. 2007. Effect of gallic acid on high fat
diet-induced dyslipidaemia, hepatosteatosis and oxidative stress in
rats. Br. J. Nutr. 98:727-735.

Jadon, A.; M. Bhadauria, and S. Shukla. 2007. Protective effect of Ter-
minalia belerica Roxb. and gallic acid against carbon tetrachloride-
induced damage in albino rats. J. Ethnopharmacol. 109:214-218.

Jakobek, L., M. Seruga, M. Medvidovi¢-Kosanovi¢, and I. Novak.
2007. Antioxidant activity and polyphenols of aronia in compari-
son to other berry species. Agric. Consp. Sci. 72:301-306.

Kanakis, C. D., I. Hasni, P. Bourassa, P. A. Tarantilis, M. G. Polissiou,
and H.-A. Tajmir-Riahi. 2011. Milk betalactoglobulin complexes
with tea polyphenols. Food Chem. 127:1046-1055.

Kartsova, L. A., and A. V. Alekseeva. 2008. Effect of milk caseins
on the concentration of polyphenolic compounds in tea. J. Anal.
Chem. 63:1107-1111.

Korhonen, H. J., and P. Marnila. 2013. Milk bioactive proteins and
peptides. Pages 148-171 in Milk and Dairy Products in Human
Nutrition: Production, Composition and Health. 1st ed. Y.W.
Park and G. F. W. Haenlein, ed. John Wiley & Sons, Hoboken,
NJ.

Kosar, M., B. Bozan, F. Temelli, and K. H. C. Baser. 2007. Antioxi-
dant activity and phenolic composition of sumac (Rhus coriaria
L.) extracts. Food Chem. 103:952-959.

Kudoh, Y., S. Matsuda, K. Igoshi, and T. Oki. 2001. Antioxidative
peptide from milk fermented with Lactobacillus delbrueckii ssp.
bulgaricus IFO 13953. Nippon Shokuhin Kagaku Kogaku Kaishi
48:44-50.

Leroux, C., N. Mazure, and P. Martine. 1992. Mutations away from
splice site recognition sequences might cis-modulate alternative
splicing of goat ag-casein transcripts structural organization of the
relevant gene. J. Biol. Chem. 267:6147-6157.

Meda, A., C. E. Lamien, M. Romito, J. Millogo, and O. G. Nacoulma.
2005. Determination of the total phenolic, flavonoid and proline
contents in Burkina Fasan honey, as well as their radical scaveng-
ing activity. Food Chem. 91:571-577.

Minervini, F.,; F. Algaron, C. G. Rizzello, P. F. Fox, V. Monnet, and
M. Gobbetti. 2003. Angiotensin I-Converting-Enzyme-Inhibitory



ANTIOXIDANT ACTIVITY OF GOAT YOGURTS FORTIFIED WITH SUMAC

and antibacterial peptides from Lactobacillus helveticus PR4 Pro-
teinase-Hydrolyzed caseins of milk from six species. Appl. Environ.
Microbiol. 69:5297-5305.

Motaharinia, Y., M. S. Hazhir, M. A. Rezaee, S. Vahedi, A. Rashidi,
W. Hosseini, M. S. Hakhamaneshi, and M. R. Rahmani. 2012.
Comparison of in vitro antimicrobial effect of ethanol extracts
of Satureja khuzestanica, Rhus coriaria, and Ocimum basilicum L.
on Helicobacter pylori. J. Med. Plants Res. 6:3749-3753.

Muniandy, P., A. B. Shori, and A. S. Baba. 2016. Influence of green,
white and black tea addition on the antioxidant activity of pro-
biotic yogurt during refrigerated storage. Food Packag. Shelf Life
8:1-8.

Najgebauer-Lejko, D., M. Sady, T. Grega, and M. Walczycka. 2011.
The impact of tea supplementation on microflora, pH and antioxi-
dant capacity of yoghurt. Int. Dairy J. 21:568-574.

Nasar-Abbas, S. M., and A. K. Halkman. 2004. Antimicrobial effect of
water extract of sumac (Rhus coriaria L.) on the growth of some
food born bacteria including pathogens. Int. J. Food Microbiol.
97:63-69.

Pagano, R. 1., P. Pennisi, B. Valenti, M. Lanza, A. Di Trana, P. Di
Gregorio, A. De Angelis, and M. Avondo. 2010. Effect of CSN1S1
genotype and its interation with diet energy level on milk produc-
tion and quality in Girgentana goats feed ad libitum. J. Dairy Res.
77:245-251.

Papadopoulou, A., and R. A. Frazier. 2004. Characterization of pro-
tein-polyphenol interactions. Trends Food Sci. Technol. 15:186
190.

Park, Y. W., M. Judrez, M. Ramos, and G. F. W. Haenlein. 2007.
Physico-chemical characteristics of goat and sheep milk. Small Ru-
min. Res. 68:88-113.

Pattorn, S., Y. Horimoto, P. Hongsprabhas, and R. Y. Yada. 2012.
Influence of aggregation on the antioxidative capacity of milk pep-
tides. Int. Dairy J. 25:3-9.

Perna, A., 1. Intaglietta, A. Simonetti, and E. Gambacorta. 2013. Ef-
fect of genetic type and casein haplotype on antioxidant activity of
yogurt during storage. J. Dairy Sci. 96:3435-3441.

Perna, A.) I. Intaglietta, A. Simonetti, and E. Gambacorta. 2014.
Antioxidant activity of yogurt made from milk characterized by
different casein haplotypes and fortified with chestnut and sulla
honeys. J. Dairy Sci. 97:6662-6670.

Prigent, C., and S. Dimitrov. 2003. Phosphorylation of serine 10 in
histone H3, what for? J. Cell Sci. 116:3677-3685.

Rayne, S., and G. Mazza. 2007. Biological activities of extracts from
sumac (Rhus spp.): A review. Plant Foods Hum. Nutr. 62:165-175.

Richard, T., D. Lefeuvre, A. Descendit, S. Quideau, and J. P. Monti.
2006. Recognition characters in peptide—polyphenol complex for-
mation. Biochim. Biophys. Acta 1760:951-958.

Rival, S. G., S. Fornaroli, C. G. Boeriu, and H. J. Wichers. 2011. Ca-
seins and casein hydrolisates. 1. Lipoxygenase inhibitory proper-
ties. J. Agric. Food Chem. 4:287-294.

7701

Romeo, T., P. Battaglia, C. Peda, P. Consoli, F. Andaloro, and M. C.
Fossi. 2015. First evidence of presence of plastic debris in stomach
of large pelagic fish in the Mediterranean Sea. Mar. Pollut. Bull.
95:358-361.

Rutella, G. S., D. Tagliazucchi, and L. Solieri. 2016. Survival and bio-
activities of selected probiotic lactobacilli in yogurt fermentation
and cold storage: New insights for developing a bi-functional dairy
food. Food Microbiol. 60:54-61.

Sepe, L., A. Cornu, B. Graulet, S. Claps, and D. Rufrano. 2011. Phe-
nolic content of forage, milk, way and cheese from goats feed Avena
sativa. Pages 31-32 in Proc. 10th Meeting on Mountain Cheese,
Droneo, CN, Italy. University of Turin, Turin, Italy.

Shabana, M. M., A. M. El Sayed, M. F. Yousif, A. M. El Sayed, and A.
A. Sleem. 2011. Bioactive constituents from Harpephyllum caffrum
Bernh and Rhus coriaria L. Pharmacogn. Mag. 7:298-306.

Soares, S. S., C. Gutiérrez-Merino, and M. Aureliano. 2007. Mitochon-
dria as a target for decavanadate toxicity in Sparus aurata heart.
Aquat. Toxicol. 83:1-9.

Srivastava, P., S. G. M. Prasad, M. N. Ali, and M. Prasad. 2015.
Analysis of antioxidant activity of herbal yoghurt prepared from
different milk. Pharma Innov. J. 4:18-20.

Sun, G., S. Zhang, Y. Xie, Z. Zhang, and W. Zhao. 2016. Gallic acid as
a selective anticancer agent that induces apoptosis in SMMC-7721
human hepatocellular carcinoma cells. Oncol. Lett. 11:150-158.

Tong, L. M., S. Sasaki, D. J. McClements, and E. A. Decker. 2000.
Mechanism of the antioxidant activity of high molecular weight
fraction of whey. J. Agric. Food Chem. 48:1473-1478.

Trieu-Cuot, P., and J. C. Gripon. 1981. Electrofocusing and two di-
mensional electrophoresis of bovine caseins. J. Dairy Res. 48:303~
310.

Tziboula, A. 1997. Casein diversity in caprine milk and its relation
to technological properties: Heat stability. Int. J. Dairy Technol.
50:134-138.

Valenti, B., R. I. Pagano, and M. Avondo. 2012. Effect of diet at dif-
ferent energy level on milk casein composition of Girgentana goats
differing in CSN1S1 genotype. Small Rumin. Res. 105:135-139.

Virtanen, T., A. Pihlanto, S. Akkanen, and H. Korhonen. 2007. Devel-
opment of antioxidant activity in milk whey during fermentation
with lactic acid bacteria. J. Appl. Microbiol. 102:106-115.

Yao, X., A. P. S. Lau, M. Fang, C. K Chan, and M. Hu. 2003. Size
distributions and formation of ionic species in atmospheric partic-
ulate pollutants in Beijing, China: 2—dicarboxylic acids. Atmos.
Environ. 37:3001-3007.

Yen, G., P. Duh, and H. Tsai. 2002. Antioxidant and pro-oxidant
properties of ascorbic acid and gallic acid. Food Chem. 79:307-309.

Journal of Dairy Science Vol. 101 No. 9, 2018



	Effect of αS1-casein genotype on phenolic compounds and antioxidant activity in goat milk yogurt fortified with Rhus coriaria leaf powder
	INTRODUCTION
	MATERIALS AND METHODS
	Chemicals and Apparatus
	Milk Sample
	Genetic Variants of αs1 -CN by IEF
	Preparation of Yogurts and R. coriaria Water Extract
	Sample Preparation for Analysis
	Determination of Total Phenolic Content
	HPLC-UV Analysis of Phenolic Compounds
	Antioxidant Activity
	Statistical Analysis

	RESULTS AND DISCUSSION
	Phenolic Compound Content and Antioxidant Activity of R. coriaria Water Extract
	Phenolic Compound Content and Antioxidant Activity of R. coriaria-Fortified Yogurt

	CONCLUSIONS
	REFERENCES


