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ABSTRACT 

 
In this work, we illustrate the efficiency of x-ray diffraction (XRD) in analysis of biopolymer junctions under 

the presence of proteins.  Although XRD is a common technique for the characterization of different polymeric 

materials, it is still little explored for the matrices containing mixed biopolymers, such as proteins and 

carbohydrates.  At the same time, the interaction between carbohydrates and proteins is of a great interest for 

industry because it is responsible for several physical and sensory properties of food, and may (or may not) 

result in system thermal stability.  Thus, it was attractive to compare the observations obtained with such 

traditional for the food industry methods as Fourier transform spectroscopy (FTIR) and scanning electron 

microscopy (SEM), with XRD results.  We used these three methods to evaluate the gels formed by 12.0% of 

casein glycomacropeptide (CMP) at pH 3,5.  During the gel production, carboximetilcelulose (CMC) was added 

in the proportions of 0.00%, 0.25%, and 0.50%.  The XRD study shows that the gel with 0.25% CMC addition 

presents minor crystallinity, and, thus, major interactions between CMC and CMP biopolymers.  It is in perfect 

agreement with FTIR and SEM interpretations.  

 

Keywords: X-ray diffraction, biopolymers. 

 

 

1. INTRODUCTION 

 

Crystallinity is a very important characteristic that define the chemical and physical 

properties of polymers.  In particular, case of the biopolymers used by food industry, the 

crystallinity has direct influence on the quality and texture of products.  There are various 

traditional methods to determine the polymer crystallinity: Differential Scanning Calorimetry 

(DSC), Differential Thermal Analysis (DTA), Fourier Transform Infrared Spectroscopy 

(FTIR), Nuclear Magnetic Resonance (NMR), among others [1]. 

 

The XRD is the primary method for determining the molecular conformations of biological 

macromolecules, particularly protein and nucleic acids such as DNA and RNA.  However, 

there is only a few works [2; 3], where XRD has been used for studies of matrices containing 

mixed biopolymers such as proteins and carbohydrates. 
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The Casein glycomacropeptide (CMP) is a terminal peptide composed of 64 amino acids 

resulting the cleavage of k-casein at the Phe105-Met106 connection with chymosin [4] or 

pepsin [5].  The CMP has several functional and technological properties, such as emulsifier 

ability and stabilization of emulsions, formation of spume and gel, among others.  Thus, it is 

an interesting component for the development of new food and health care [6; 7].  The CMC 

is a polysaccharide used in food industry as a food additive.  It acts as a stabilizing agent in 

the mixtures, thickener, binder, and help retain water at the food [3]. 

 

Interactions between polysaccharides and proteins have attracted considerable interest for the 

food the industry.  Such complexes can be used as meat and fat replacers, microcapsules, and 

edible surface coatings on fruits.  However, components concentrations can interfere at the 

system stability, affecting of gel the formation [3]. 

 

Thus, the main objective of this study was to test the XRD as a tool for studies of the 

interaction between biopolymers CMP and CMC at different concentrations. 

 

 

2. MATHERIALS AND METHODS 

2.1. Gel Preparation 

 

The gels were obtained at room temperature for containing mixtures 12% of CMP and 0.00% 

(gel a) 0.25% (gel b) and 0.50% (gel c) of CMC at pH 3,5. 

 

2.2. Fourier Transform Infrared Spectroscopy 

 

The studied samples were prepared by mixing 100mg of KBr with 1mg of freeze-dried gels a, 

b, and c.  The CMP and CMC powders were tested as well.  The obtained materials were 

formatted in solid tablets under the pressure of 8 ton per square centimeter during 5 minutes. 

The tablets were studied by the FTIR spectrophotometer Bomem MB-100 as used in by [3; 8; 

9].  The obtained spectra were analyzed within the futures of Origin 8.0 [10]. 

 

2.3. Scanning Electron Microscopy 

 

The gels (5×5×3mm3) were placed at 2.5% glutaraldehyde in 0.1M sodium cacodylate buffer 

(pH 7,2) for 24 hours, as used by [19].  After the fixation, the samples were fractured in 

liquid nitrogen.  Then, samples were washed twice each in sodium cacodylate buffer during 

20 minutes.  Next, the samples were dehydrated with ethanol solutions (consequently 20%, 

40%, 60%, 70% and 90%), and, after that, washed three times by pure ethanol.  Finally, the 

freeze-drying at the critical point was done with liquid CO2.  The dried samples were 

mounted on aluminum "stubs" covered with gold, and observed by the scanning electronic 

microscope [11]. 

 

2.4. X-Ray Diffraction 

 

The freeze dried samples were analyzed by the Shimadzu XRD-7000 diffractometer 

instructions by following contained in the equipment manual [12] at LORXI, UFPR.  The 

regime of diffractometer operation was similar to that one reported by [13]: 20.0mA 40.0kV 
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X-ray tube with Cu anode, θ-2θ continuous scan in the 5.0° – 40.0° range with 1.0° per 

minute speed and 0.02° sampling pitch.  Then, the obtained spectra were analyzed by Origin 

8.0 [10]. 

 

 

3. RESULTS AND DISCUSSION 

3.1. The FTIR Results 

 

Fig.1 shows the FTIR spectra of CMP and CMC in powders.  The characteristic absorption 

bands of gel components are visible.  In CMC case, the A band at 3425cm
-1

 is due to OH 

associated in intermolecular H links, the B band at 1602cm
-1

 is due to the presence of salt 

COO-Na+ [3], the C band at 1423cm
-1

 corresponds to C-H connections, while the D band at 

1061cm
-1

 – to C-O.  In the CMP case, the origin of A band at 3360cm
-1

 is the same as in 

CMC, while the B (1648cm
-1

) and C (1548 cm
-1

) bands are due to the absorption by Amide I 

and Amide II respectively [8; 9].  The D band at 1400cm
-1

 corresponds to the symmetric 

vibration of carboxyl group [3]. 

 

 

 

 
 

Figure 1: The FTIR spectra for pure CMP and CMC powders. 

 

 

 

The absorption spectra of the CMC-CMP gels are shown by Fig.2.  Table 1 shows the 

numerical values of each absorption band.  One can see slight shifts of the A, B and C bands 

in pure CMP gel in comparison with the CMP powder: they are detected at 3290cm
-1

, 

1647cm
-1

 and 1540cm
-1

 correspondently.  However, the positions of B and C bands in gels 

are not affected by CMC addition, while the A band is.  This result shows a conformational 
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change of gels with CMC addition due to the CO
-
 carboxylic group connections with OH in 

CMP [3]. 

 

 

 

 
 

Figure 2: The FTIR spectra for the gels a, b, and c. 

 
 
 
 
 

Table 1:  FTIR absorption band assignment of gels. 

 
  Absorption band (cm

-1
) 

Absorption band assignment Band 
a 

CMP (12%) 

CMC (0%) 

b 

CMP (12%) 

CMC (0,25%) 

c 

CMP (12%) 

CMC (0,50%) 

OH associated with polymeric binding A 3290 3280 3430 

Amide I B 1647 1647 1647 

Amide II C 1540 1540 1540 

 

 

 

3.2. The SEM Results 

 

The CMP gels are formed by associations of dimmers [11].  Fig.3 shows the SEM images of 

the gel a, b, and c.  It could be seen that image (b) presents the largest dimmer blocks with 

more homogeneous texture.  This fact confirms that 0.25% of CMC is more efficient to the 

CMP dimmer junction than the 0.50% concentration. 
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Figure 3: The SEM images of gels a, b, and c. 

 

 

 

3.3. The XRD Results 

 

According to Fig.4, the CMC powder is characterized by a single wide peak at 20° on the 2θ 

plot.  In the CMP case, there is a strong peak at 38°, and wide peaks at 11° and 20°.  Fig.5 

shows the results obtained with the gels.  It is known that the peaks on XRD 2θ plots are 

proportional to the sample crystallinity.  In the case of biopolymer mixture, the 

intermolecular links destroy the molecular linearity in polymer matrixes. 

 

 

 

 
 

Figure 4: The XRD 2θ plots for pure CMC and CMP powders. 
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Therefore, the smaller peak on 2θ plot introduces the higher interaction [14].  The 

mathematical treatment of the spectra (a), (b), and (c) gives the gel crystallinity degree of 

22.15%, 15.13%, and 22.60% correspondently.  Thus, can conclude that the CMP gel with 

0.25% CMC showed greater intermolecular interaction.  This is in the perfect qualitative 

coincidence with FTIR and SEM results. 

 

 

 

 
 

Figure 5: The XRD 2θ plots for gels a, b, and c. 

 

 

 

4. CONCLUSIONS 

 

The results of this work could be summarized as follows:  (i) the FTIR analysis has show that 

the CMC addition provides a conformational change in the gel structure due to the CMC CO
-

carboxylic group connections with OH in CMP;  (ii) the SEM images have illustrated that 

0.25% CMC addition realize more efficient junction, i.e. greater interaction of dimmers of 

CMP, than 0.50%;  (iii) the XRD study has determined that this gel with 0.25% CMC 

addition presents the minor crystallinity, and thus major interactions between CMC and CMP 

biopolymers.  All these results are in perfect qualitative concordance one with another.  After 

all, this study demonstrates how fruitful could be including of XRD in the analyses of protein 

– carbohydrate interactions in biopolymers. 

 

 

ACKNOWLEDGMENTS 

 

The authors are greatly thankful to Prof. Irineu Mazzaro (LORXI/UFPR) for his help with the 

Shimadzu XRD-7000 utilization, the Prof. Elisete Guimarães (COAMB/UTFPR-FB) for his 

help with the FTIR discussion of the results.  The work was supported in part by CNPq. 

 

 



INAC 2011, Belo Horizonte, MG, Brazil. 

 

REFERENCES 

 

1. M. V. H. Ryan, J. X. Zheng, H. Xiong, et al., “Single Crystals of Diblock Copolymers: 

Tethered Chain Study”, Meeting of the American Physical Society, New Orleans, USA, 

March, 08, 2008, (2008). 

2. D. Xu, M. Zhao, J. Ren, et al., “Investigation of interactions in 4-aminosalicylic 

acid/polysaccharide in aqueous media”, Food Research International, v.43, pp. 2077-

2080 (2010). 

3. H. Zaleska, P. Tomasik, C.-Y. Lii, “Formation of carboxymethyl cellulose-casein 

complexes by electrosynthesis”, Food Hydrocolloids, v. 16, pp. 215-224 (2002). 

4. A. Delfour, J. Jolles, C. Alais, et al., “Caseino-glycopeptides: Characterization of a 

methionin residue and of the N-terminal sequence”, Biochemical and Biophysical 

Research Communications,v. 19, pp. 452–455 (1965). 

5. T. L. Mikkelsen, H. Froklaer, C. Topp, et al., “Caseinomacropeptide self-association is 

dependent on whether the peptide is free or restricted in k-casein”, Journal of Dairy 

Science, v. 88, pp. 4228–4238 (2005). 

6. B. Chabance,  P. Jolles,C. Izquierdo, et al., “Characterization of an antithrombotic peptide 

from k-casein in newborn plasma after milk ingestion”. British Journal of Nutrition, v. 3, 

pp. 583–590 (1995). 

7. A. B. Martín-Diana, J. Frías, J. Fontecha. “Emulsifying properties of whey protein 

concentrate and caseinomacropeptide of cow, ewe and goat”, Milchwissenschaft, v. 60, 

pp. 363–367 (2005). 

8. J. H. Muyonga, C. G. B. Cole, K. G. Duodu, “Fourier transform infrared (FTIR) 

spectroscopic study of acid soluble collagen and gelatin from skins and bones of young 

and adult Nile perch (Lates niloticus)”, Food Chemistry, v. 86, pp. 325-332 (2004). 

9. I. Yakimes,N. Wellner, A. C. Smith, et al., “Mechanical properties with respect to water 

content of gelatin films in glassy state”, Polymer, v. 46, pp.12577-1258 (2005). 

10. “Oringlab: Data Analysis and Graphing Software version 8.0”, http://originlab.com 

(2011). 

11. M. Yan,B. Li, X. Zhao, et al., “Phisicolchemical properties of gelatin gels from walleye 

pollock (Theragra chalcogramma) skin cross-linked by gallic acid and rutin”, Foods 

Hidrocolloids, v. 25(2), pp. 189-195 (2010). 

12. “Manual equipment: X-ray diffractometer XRD-7000”, http://www.shimadzu.com.br 

(2011). 

13. R. Lutz, A. Aserin, L. Wicker, et al., “Structure and physical properties of pectins with 

block-wise distribution of carboxylic acid groups”, Foods Hydrocolloids, v. 22(2), pp. 

239-247 (2008). 

14. L. E. Alexander, X-Rays diffraction methods in polymer science, New York, USA (1969). 


