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Abstract

Plant flavonoids are polyphenolic compounds, commonly found in vegetables, fruits and many
food sources that form a significant portion of our diet. These compounds act as anticancer and
anti-proliferative but after interaction with milk proteins they form complexes which become less
effective than these compounds alone. Investigation has been conducted to delineate the action of
some phenolic compounds of natural origin and complexes formed from interactions between
phenolic compounds and milk proteins in three human tumors cell lines: Breast (MCF7), Liver
(HePG2) and colon (HCT116), these interactions were studied by fourier transform infrared spec-
troscopy (FTIR). Phenolic compounds have positive effect on human cancer cell lines but after in-
teraction with milk protein and forming complexes, they become less effective than phenolics and
some time have negative effect and become pro-cancer; this interaction can be studied by (FTIR)
to know which groups do this complex. The spectra were recorded under conditions generally ap-
plied in quantitative work. IR spectra were recorded in the region from 4000 - 250 cm-1, but the
bands in the region 4000 - 1400 cm-! were analyzed in detail, since they are characteristic of OH
groups while NH groups appeared at (3000 - 4000 cm-1) of various protonic species that undergo
hydrogen bonding interaction. Another region of interest was the region from 1800 - 1400 cm!,
characteristic of the bending vibrations of the same group. Since the bands in this region were
wide and complex.
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1. Introduction

Phenolic compounds with anti-inflammatory and antioxidant activities play an important role in antitumor activ-
ity. Oxidative stress may cause damage to DNA, thus inducing mutations that may contribute to progressive tu-
mor growth [1]. Several reports have demonstrated the anti-proliferative effects of herbal polyphenols, such as
quercetin, in various human cancer cell lines [2] [3].

Phytochemicals are defined as bioactive nonessential nutrients from plants (phyto is derived from the Greek
word phyto, which means plant). They have a variety of human health effects such as possessing putative che-
moreventive properties (anticarcinogenic and antimutagenic) and interfering with tumor promotion and progres-
sion [4].

Natural phenolic compounds play an important role in cancer prevention and treatment. Phenolic compounds
from medicinal herbs and dietary plants include phenolic acids, flavonoids, tannins, stilbenes, curcuminoids,
coumarins, lignans, quinones, and others. Various bioactivities of phenolic compounds are responsible for their
chemopreventive properties (e.g., antioxidant, anticarcinogenic, or antimutagenic and anti-inflammatory effects)
and also contribute to their inducing apoptosis by arresting cell cycle, regulating carcinogen metabolism and
ontogenesis expression, inhibiting DNA binding and cell adhesion, migration, proliferation or differentiation,
and blocking signaling pathways. This review covers the most recent literature to summarize structural catego-
ries and molecular anticancer mechanisms of phenolic compounds from medicinal herbs and dietary plants [5].

Fourier Transform Infrared Spectroscopy FTIR is a technique that measures the infrared intensity versus wa-
venumber of light, by shining infrared radiation on sample protein, polypeptide backbone absorbs light and
cause the vibration spectral band at different frequencies depended on wavelengths of radiation in the infrared
region of the spectrum [6]. FTIR spectroscopy gives the information of protein conformation in the secondary
structure. It is the technique capable of quantitative and qualitative analysis of chemical characteristics on the
surfaces [7].

The objective of the study was to further our understanding of the interaction between some phenolics (Ros-
marinic acid, Chlorogenic acid, Quercetin, Vanillin, Gallic acid, Caffic acid, Catechin and some Tannins), and
milk proteins (casein and whey proteins isolate), because this interaction reduces the nutritional value of the
milk proteins and phenolic compounds as anticancer so the aim of this study is to know effect these interactions
of phenolic compounds as anticancer on human cells line.

2. Materials and Methods
2.1. Materials

Fresh cow’s skim milk was obtained from faculty of agriculture, Cairo University. Whey proteins isolate (WPI)
was obtained from Davisco Foods International Inc. (Minnesota, USA). Sodium di basic from Egyptian Co., So-
dium mono basic from MERCK (Darmstadt-Germany), Ethanol from sd. fine-Chem. Limited, Catechin was
purchased from Fluka Chemical Co., Gallic and Rosemarinic acids were obtained from MP Biomedical LLC.
Caffic acid was purchased from Bio Basic INC. Vanillin and Chlorogenic acid, from Roth GmbH Co. Qurecetin,
from ALDRICH. Sephadex LH-20 and tannic acid from Sigma, Chinese green tea leaves, walnut, lentil from
Poland-Olsztyn,

2.2. Methods

2.2.1. Preparation of Casein Powder
Casein powder was prepared from fresh cow’s skim milk according to Morr [8].

2.2.2. Preparation of Standard Phenolic Compounds Solution
Phenolic compounds (Catechin, Gallic acid, Qurecetin, Caffic acid and Vanillin) were dissolved separately in
0.1 M sodium phosphate buffer pH 7 (0.1% wi/v) while Chlorogenic acid and Rosemarinic acid were dissolved
separately in ethanol (0.1% wi/v).

Extraction of tannins: Extraction of tannins from walnut, green tea and lentil were attained according
Kosinska [9].

Cell culture: Cytotoxic effect on human cell line (HePG2: Human hepatocellular carcinoma cell line),
(MCF7: Human Caucasian breast adenocarcinoma) and (HCT116: Colon cell line): Cell viability was assessed
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by the mitochondrial dependent reduction of yellow MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazo-
lium bromide) to purple formazan [10]. All procedures were done in a sterile area using a Laminar flow cabinet
biosafety class Il level (Baker, SG403INT, Sanford, ME, USA). Cells were suspended in RPMI 1640 medium
for HePG2-MCF7 and HCT116-DMEM for A549. The absorbance was then measured using a microplate multi-
well reader (Bio-Rad Laboratories Inc., model 3350, Hercules, California, USA) at 595 nm and a reference wa-
velength of 620 nm. A statistical significance was tested between samples and negative control (cells with ve-
hicle) using independent t-test by SPSS 11 program.

2.2.3. Preparation Sample for Fourier Transform Infrared Spectroscopy (FTIR)

10 mg Milk proteins (10% W/V) samples were dissolved in 50 pl 0.1 M Sodium phosphate buffer at pH 7 and
mixed with Phenolic compounds (1 mg/1ul buffer) solutions to give a final protein concentration of 10% con-
taining 1% Phenolic compounds. The solution was initially freeze dried, SUBLIMATOR, VaCo5, ZIRBUS
technology, Germany. FTIR (JASCO FT/IR 6100 using KBr Wafer technique Kim and Kim [11] was performed
on Milk proteins and Phenolic compounds.

3. Results and Discussion

Casein and WPI are contributes to beneficial therapeutic effects, including anti-cancer; casein and WPI directly
targets both tumor cells and tumor vasculature, thereby inhibiting tumor growth, proliferation, and angiogenesis
of HePG2 and MCF7 but without any effect on HCT116, Table 1.

3.1. FTIR Spectra

The spectra were recorded under conditions generally applied in quantitative work. IR spectra were recorded in
the region from 4000 - 250 cm ™, but the bands in the region 4000 - 1400 cm* were analyzed in detail, since
they are characteristic of OH groups while NH groups were appeared at (3000 - 4000 cm ) of various protonic
species that undergo hydrogen bonding interaction. Another region of interest was the region from 1800 - 1400
cm *, characteristic of the bending vibrations of the same group. Since the bands in this region are wide and
complex.

Interaction of casein and whey protein with phenolic compounds was determined by FTIR; it was found that
some complexes exhibit hydrogen bonding. Also, electrostatic interaction plays a dominant role in the stabiliza-
tion of the peptide by phenolic compounds. Phenolic molecules have been placed appropriately near the side
chain groups of the peptide. The functional groups para-OH (p-OH) meta-OH (m-OH) and COOH of Phenolics
have been assumed to act as a hydrogen bond donor/acceptor for different side chain groups of amino acid [12].

The FTIR spectrum of pure casein and whey protein surface displays two characteristic bands at (1648 - 1649)
cm* respectively, (amide-1) band arises predominantly from the protein amide C=0 stretching vibrations, and
(1536 - 1547) cm *, respectively, (amide-I1) band is due to the amide N-H bending vibrations and C-N stret-
ching vibrations as mentioned by Huang [5].

Fourier transform infrared spectroscopy (FTIR) spectrum of pure WPI displays two characteristic bands of
amide I (1649 cm ™) which associated with C=0 stretching vibration, and amide IT (1547 cm™") which resultant
from N-H bending vibration. But the FTIR spectrum of casein revealed that amid I and IT were at 1648 and 1563
cm ! respectively. The significant peak position shifts absorbed in amide I and IT bands attributed to hydrogen
bonding between all phenolics and milk whey proteins. The interactions between WPI and some mono-, di- and
polyphenolic compounds were illustrated in Figures 1(a)-(j). on the other hand the interactions between casein
and some mono-, di- and polyphenolic compounds were illustrated in Figures 1(k)-(t).

3.2. Interactions with Mono-Phenolic Compounds

Chloroginic acid has anticancer effect on all tumor cells but this effect more significance on (HePG2). This re-
sult agree with Takahama [13] where showed that chlorogenic acid could also inhibit the formation of DNA sin-
gle strand breaks and prevent the formation of dinitrogen trioxide by scavenging nitrogen dioxide generated in
the human oral cavity.

On the other hand complex chloroginic-WPI appears against effect on (MCF7), but this complex has significant
effect on (HePG2); while the complex chloroginic-casein appeared against effect on (HCT116). The interaction
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Table 1. Cytotoxic activity of phenolic compounds against the human tumor cell line.

Sample MCF 7% at 100 ppm HePG 2% at 100 ppm HCT 116% at 100 ppm
Casein-chlorogenic acid 38.5 49.5 0.0
WPI-chlorogenic acid 0.0 65.7 15
Chlorogenic acid 40.6 95.1 9.2
Casein-caffeic acid 15.5 -114 0.0
WPI-caffeic acid 215 45.8 0.0
Caffeic acid 47.8 67.1 0.0
Casein-gallic aicd 11.3 48.4 0.0
WPI-gallic acid 8.7 45.8 0.0
Gallic acid 84.4 100 76.8
Casein-vanillin 9.5 83.8 5.1
WPI-vanillin 24.4 26.3 10.2
Vanillin 714 95.1 28.3
Casein-rosemarinic acid 38 46.9 0.0
WPI-rosemarinic acid 23.8 235 0.0
Rosemarinic acid 51.1 67.1 321
Casein-catechin 0.0 51.1 31
WPI-catechin 254 72.1 14
Catechin 30.4 72.2 58.7
Casein-qurecetin 29 -58 0.0
WPI-qurecetin 27.6 80.3 0.0
Qurecetin 50.5 82.2 7.0
Casein- tannic acid 114 715 0.0
WPI-tannic acid 15.2 78.7 0.0
Tannic acid 284 96.4 13.8
Casein-tannins (walnut) 28.2 80 115
WPI-tannins (walnut) 6.4 355 2.6
Tannins (walnut) 52.6 90.2 15
Casein-tannins (green tea) 6.2 735 14
WPI-tannins (green tea) 17.6 72.5 15.5
Tannins (green tea) 45.3 100 33.2
Casein 40.1 36.8 0.0
WPI 211 78.7 0.0
Buffer 32.2 0.0 5.3
DMSO 3.0 1.0 1.0
Negative control 0.0 0.0 0.0

Sample concentration ranged between (100 to 0.78 ppm) using MTT assay. HEPG2: (Human hepatocellular liver carcinoma cell line).
HCT116: (Colon cell line). MCF7: (Human Caucasian breast adenocarcinoma).
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Figure 1. Function group for complex milk protein with phenolic compounds.

chloroginic acid with milk proteins lost effect on all cells, Table 1; this may be due to interaction between chlo-
roginic acid and WPI was weak. The results in Figure 1(a) elucidated that amid I and IT of chloroginic-WPI ac-
id complex appeared at 1648, 1541 cm * respectively and NH, group in complex appeared near control, Figure
1(b) showed that amid I and II for casein-chloroginic acid complex appeared at 1654 and 1543 cm™* respective-
ly, also ester group at 1740 cm* was formed, while NH, group in complex was near control (casein only).
Caffeic acid has positive effect on HePG2 and MCF7 but without effect on HCT116, Table 1; this agree with
Surh [4]. Han [14] showed that caffeic acids, (an analog of phenolic acids) modulate the ceramide-induced sig-
nal transduction pathway, suppress the activation of nuclear factor kappa-lightchain-enhancer of activated cells,
and inhibit protein tyrosine kinase activity. caffeic acids could also inhibit tumor promotion, epidermal growth
factor and tumor necrosis factor-alpha production [4]. Moreover, some phenolic acids (caffeic acid, ferulic acid,
gallic acid, protocatechuic acid, etc.) in grape extracts and wine contribute to their activity against various types
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of cancer such as breast, lung, and gastric cancer [15].

While complex caffeic-WPI and caffeic-casein were appeared negative affect on (HCT116), but positive ef-
fect on (MCF7), while caffeic-casein has negative effect on (HEPG2), but caffeic-WPI has positive effect on
(HEPG?2). The interaction caffeic acid with milk proteins has lost effect on all tumor cells. Table 1 these due to
the strong interaction between them in Figure 1(c); the function groups of WPI-caffic acid complex as compar-
ison with WPI, amid I and IT appeared at 1638 cm " respectively and NH, group was disappeared, this means
that interaction between caffic acid and WPI was strong and this agree with the pervious results Hassan [16].
Amid 1 for the casein-caffic acid complex appeared at 1649 cm™* while amid IT disappeared, but NH, group was
near control (Figure 1(d)).

The inhibitory effect of caffeic acid was greater than that of chlorogenic acid with treatments at the same
concentration; Caffeic acid is one of the major metabolites produced by the hydrolyzation of chlorogenic acid,
Because a large amount of chlorogenic acid is absorbed in the metabolized form, considerable attention has been
focused on the biological effects of metabolites such as caffeic acid in order to evaluate possible in vivo effects
of chlorogenic acid-containing diets [17].

Table 1 elucidated that gallic acid has significant inhibitory effect on all tumor cell proliferation. Gallic acid
as a natural antioxidant had significant inhibitory effects on cell proliferation, induced apoptosis in a series of
cancer cell lines, and showed selective cytotoxicity against tumor cells with higher sensitivity than normal cells
[18].

While complex gallic-WPI and gallic-casein were appeared negative effect on (HCT116), but positive effect
on (HePG2) and (MCF7) The interaction gallic acid with milk proteins has lost effect on all cells, Table 1; these
interaction appeared in Figure 1(e) showed that amid I and IT for WPI-gallic acid complex appeared at 1646 and
1544 cm ! respectively and NH, group disappeared. In Figure 1(f), amid I and II for a complex of casein-gallic
acid appeared at 1647 - 1536 cm* respectively, NH, group disappeared, this indicated that interaction between
casein and gallic acid was strong. The present findings indicate that these peptidases are strongly inhibited by
low concentrations of gallic acid, which is a common constituent of edible foods Thus; the intake of such com-
pounds as dietary constituents may interfere with the absorption of amino acids from intestine [19]. The present
data support the contention that gallic acid, a constituent of dietary polyphenols may interfere in the digestion
and absorption of proteins in rat intestine.

Table 1 showed that vanillin had significant inhibitory effects on cell proliferation MCF7 and HePG. Vanillin,
a food flavoring agent, has been reported to show anti-cancer activity and to inhibit chemical carcinogenesis;
vanillin has anti-cancer potential by decreasing invasiveness of cancer cells. Since vanillin is generally regarded
as safe, it may be of value in the development of anti-cancer drugs for cancer treatment [20].

The complex vanillin-casein has significant effect on HePG2, and positive effect MCF7 and HCT116 the
same effect for vanillin-WPI on all tumor cells; Table 1. Also showed the effect vanillin on tumor cells was
higher sensitivity than complex. These interactions were appeared in Figure 1(g). Amid I and IT resulting from
the interaction between WPI and vanillin appeared at 1651 - 1546 cm* respectively and NH, group appeared
near control (WPI), this indicated that the interaction between WPI and Vanillin was weak, Figure 1(h) showed
interaction between casein and vanillin, amid I and ester group for the complex appeared at 1646 - 1739 cm™*
respectively, amid IT and NH, group disappeared. The hydrogen bonding/ionic interaction or hydrophobic inte-
raction was envisaged in the interaction of chloroginic acid with proteins [21].

3.3. Interactions with Di-Phenolic Compound

Rosmarinic acid is an antioxidant phenolic compound, which is found in many dietary spices such as mint,
sweet basil, oregano, rosemary, sage, and thyme [22]. So rosmarinic acids was appeared positive effect on all
tumor cells and significant effect of HePG2.

The complex rosmarinic acid-casein has negative effect on HCT116, and positive effect on MCF7 and HePG2
while rosmarinic acid-WPI without effect on HCT116 and positive effect on MCF7 and HePG2. The interaction
rosmarinic acid has lost effect on all cells, Table 1. Figure 1(i) showed the function group for WPI-rosmarinic
acid complex amid I and IT appeared 1648 - 1542 cm * respectively and NH, group decreased in complex. Amid
I and IT of the casein-rosemarinic acid complex appeared at 1650 and 1524 cm * respectively (Figure 1(j)),
while NH, group disappeared in complex. The changes in tryptophan microenvironment polarity are probably
related to chemical structure of each rosmarinic acid, namely to the number and position of hydroxyl groups.
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Hydrophobicity around tryptophan residues rose with increasing number of hydroxyl groups in the molecule of
rosmarinic acid. However, the position of hydroxyl groups on the benzene ring seemed to be also important,
[23].

Catechins from green tea belong to the family of flavonoids that are powerful antioxidants and free iron sca-
vengers. Many botanical flavonoids possess strong antioxidant activities in the cardiovascular system [24]. Ef-
fects of catechins on cancer chemoprevention have been attributed to its antioxidant activities [25] [26].

Table 1 showed that catechins as well as their inhibition of the proliferation of human tumor cell lines, this
effect was significant with HePG2, the results agree with Gu [27], them show that catechin is contributes to
beneficial therapeutic effects, including anti-oxidant, antiinflammatory, anti-cancer, and immunomodulatory ef-
fects; catechin directly targets both tumor cells and tumor vasculature, thereby inhibiting tumor growth, prolife-
ration, migration, and angiogenesis of breast cancer.

Where catechin content prompted the evaluation of their in vitro inhibitory effects on cyclooxygenase en-
zymes and on the proliferation of human cancer cell lines; the cyclooxygenase inhibitory activities of anthocya-
nidins and catechins as well as their inhibition of the proliferation of human tumor cell lines suggest that these
compounds can be further investigated for their health benefits. The use of these bioflavonoids as potential phy-
toceuticals could be significant in the prevention of fatal diseases such as cancer and crippling inflammatory
conditions such as arthritis and gout [28].

The complex catechin-casein has effect on HCT116 and HePG2, but negative effect on MCF7, while cate-
chin-WPI has effect on MCF7and HCT116 but significant effect on HePG2, interaction between catechin and
milk protein lost effect on all cells was lower effect that catechin as free phenolic compound. Table 1; Figure
1(k) showed that amid I and IT for WPI-catechin complex was appeared at 1644 and 1543 cm * respectively and
NH, group decreased, this means that there was interaction between catechin and WPI. Moreover, amid I and II
for casein-catechin complex appeared at 1648 - 1527 cm™* respectively, ester group was formed at 1739 cm™*
NH, group disappeared, this means that the interaction between casein and catechin was very strong (Figure
().

Quercetin is one of the most potent antioxidants, anti-inflammatory, antiproliferative, and has effect on all
tumor cells but significant effect on (HePG2) Table 1, quercetin acts as an anticancer agent through modulation
of cell cycle, protein, oncogenes, and antioncogenes [29]. Quercetin is a flavonoid present in many vegetables,
fruits and beverages.

The complex quercetin-casein has negative effect on HePG2 and HCT116, but positive effect on MCF7,
while quercetin-WPI has effect on MCF7 and without effect on HCT116 but has significant effect on HePG2.
Interaction between quercetin and milk proteins was the lowest effect from quercetin as control, Table 1. On the
other hand amid I and IT for WPI-qurecetin complex (Figure 1(m)) appeared at 1648 and 1544 cm * respective-
ly and NH, group was greatly decreased, consequently the interaction was strong. In Figure 1(n) functional
groups for complex of casein-qurecetin, amid I and IT at 1653 - 1545 cm * respectively, also ester group ap-
peared at 1741 cm * and NH, group decreased, this means that interaction between qurecetin and casein was
strong. The interaction between molecules including hydrogen bonding, ionic and van der Waals interactions;
Protein-qurecetin interactions play an important role in a variety of biological processes [30].

3.4. Interaction with Poly-Phenolic Compound

Table 1 elucidated that tannic acid and fractions tannins as antiproliferative has positive effect of all tumor cells,
but this effect was significant on HePG2. Tannins are a large class of polyphenolics in dietary plants and medi-
cinal herbs. Oligomeric proanthocyanidins, which are widely distributed in grape seed and skin and pine bark,
are considered to be the most potent antioxidants and frequently used in health care and cancer treatment. It is
also known that many plants containing tannins are effective against cancer and tumors [31]. Tannins are natural,
water-soluble, polyphenolic compounds with molecular weight ranging from 500 to 4000, usually classified into
2 classes: hydrolysable tannins (gallo- and ellagi-tannins) and condensed tannins (proanthocyanidins) [32].
Hydrolysable tannins and condensed tannins are powerful antioxidant agents because they havemany hydrox-
yl groups, especially many ortho-dihydroxy!l or galloyl groups. Bigger tannin molecules possess more galloy and
ortho-dihydroxyl groups, and their activities are stronger [33]. In addition, these tannins also exhibit strong an-
tibacterial, antiulcer, anti-inflammatory, antileishmanial, antimutagenic, enzyme regulating, signal transduction
pathways blocking, and apoptotic activities; thus, they have attracted wide attention for cancer treatment [34]-
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[37].

The Table 1 showed that complex tannic acid-casein and tannic acid-WPI were positive effect on MCF7 and
significant effect on HePG2; but this complex have negative effect on HCT116. The complex tannins (walnut
and green tea)-casein and WPI were positive effect of all tumor cells, but tannins (green tea)-WPI was signifi-
cant effect on HePG2. On the other hand complex tannins (lentil)-casein and WPI have effect on MCF7 and
HCT116 but negative effect on HePG2. However interaction between tannins and milk protein lost effect on cell
line and this may be due to the strong interaction between them and it’s appeared in Figures 1(0)-(q) illustrated
interaction between WPI and plyphenolics (tannins), amid I for WPI-tannic acid complex appeared at 1631 cm ™,
ester group for complex appeared at 1745 cm* while NH, group was disappeared, this means that the interac-
tions between WPI and tannic acid was strong as comparably with the tannins from green tea and walnut in
Figure 1(p) and Figure 1(q) respectively. On the other hand the interaction between WPI and tannins in green
tea was stronger than tannins in walnut. Figures 1(r)-(t) illustrated the interaction between casein and polyphe-
nolics (tannins). Amid I for casein-tanninc acid complex appeared at 1641 cm*, also ester group appeared at
1739 cm ! while amid IT disappeared, this indicated that the interaction between casein and tannic acid was very
strong as comparably with the tannins from green tea and walnut, hence, ester group did not form. As shown in
Figure 1(s) and Figure 1(t) amid I appeared at 1646 - 1627 cm * respectively, while amid IT disappeared for all
tannins. Tannins, in general have been reported to bind to a variety of proteins by interacting with free NH, or
SH groups [19].

The amide I, 11, and 111 are the most noticeable, easily measured, and are sensitive to conformational of back-
bone that links the amino acids. Amide | band represent stretching vibration of the C=0 bond while amide Il
band provides primarily to bending vibrations of the N-H bond. Amide I band share with in-plane NH bending
and C-N stretching, so the frequency of this vibration depends on the hydrogen bonding between the C=0 and
NH which varies for the different secondary structure of polypeptides. Since amide 111 band is relatively weak
and is affected by other vibration, most studies have focused on amide I and 11 band [38] [39].

The positions of amide bands | and 1l in phenolics transmission with milk protein surface show a remarkable
shift from 1636 cm™* to 1649 cm * and from 1536 to 1547 cm* respectively. The significant peak position shifts
observed in the amide | and amide Il bands may be attributed to hydrogen bonding between all phenolics and
milk protein, suggesting that the hydrogen bonding may occur between the phenolic carboxyl groups in phenolic
compounds and the functional groups (i.e. amide groups) of the milk protein [7]. The positions of ester in phe-
nolics (vanillin, tannic acid, catechin, qurecetin and choloroginic acid) transmission with milk protein surface
show a remarkable shift from 1739 cm* to 1741 cm™*. Its form hydrogen bonding may occur between the phe-
nolic hydroxyl groups in phenolic compounds and the functional groups (i.e. carboxyl groups) of the milk pro-
tein.

It can be distinguished from nitro and cyano by their IR spectra. Amides exhibit a moderately intense V band
near 1650 cm .

Amide linkages constitute a defining molecular feature of proteins, the secondary structure of which is due in
part to hydrogen bonding abilities of amides.

Because of the greater electronegativity of oxygen, the carbonyl (C=0) is a stronger dipole than the N-C di-
pole. The presence of a C=0 dipole and, to a lesser extent a N-C dipole, allows amides to act as H-bond accep-
tors. In primary and secondary amides, the presence of N-H dipoles allows amides to function as H-bond donors
as well. Thus amides can participate in hydrogen bonding with water and other protic solvents; the oxygen atom
can accept hydrogen bonds from water and the N-H hydrogen atoms can donate H-bonds. As a result of interac-
tions such as these, the water solubility of amides is greater than that of corresponding hydrocarbons.

4. Conclusions

The aim of the present study was to investigate the binding type between phenolics compounds and casein or
whey protein isolate, using different approaches. It may be assumed that the initial binding between phenolics
and milk proteins yields soluble complexes which upon subsequent cross-linking are transformed into insoluble
precipitates.

Cross-linking of milk proteins is an important fact because of potential effects on textural properties of milk
products, e.g., yogurt and cheese. The cross-linking effect of vanillin phenolic on milk proteins can be used for
manufacturing of milk products (ice cream) with desired textural properties.
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Phenolic compunds act as anticancer and anti-proliferative but after interaction with milk proteins, they form
complexes which become less effective than these compounds alone.

Fourier transform infrared spectroscopy (FTIR) spectrum of pure WPI displays two characteristic bands of
amide T (1649 cm ™) which associated with C=0 stretching vibration, and amide IT (1547 cm™) which resultant
from N-H bending vibration. But the FTIR spectrum of casein revealed that amid I and IT were at 1648 and 1563
cm * respectively. The significant peak position shifts absorbed in amide I and IT bands attributed to hydrogen
bonding between all phenolics and milk proteins.

Therefore, interactions of vanillin phenolic with milk proteins must be considered in this regard. Nevertheless,
they may be acceptable food additives because of their antioxidant and anticarcinogenic activities; so they also
contribute to the functionality of the products. Displaying the interactions of phenolic compounds with milk
proteins is a necessary subject, as they may be potential food additives.
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