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Abstract 
 The study investigated the effects of stirring on the milk molecular arrangements in a batch  
pasteurized milk. Three variables were considered with 3x3x2 factorial levels. The stirrer shapes considered 
were anchor, vane and helical; the orientation was single and twice the stirrer shapes while the varied speeds 
were 30 rpm, 36 rpm and 42 rpm. Standard batch pasteurizing temperature of 63 degree Celsius for 30 minutes 
was considered. The experimental outcome at 95% significance showed that these treatments did not 
create new bonds, however, statistically significant changes were observed in few selected bond frequencies 
for NH, OH and CN. The experiment showed different organic molecules at different frequencies and 
wavelengths. The raw sample which was used as the first control, gave similar outcome as the second control 
which was raw milk pasteurized without stirring. The following frequencies were obtained for the raw sample 
with the other samples showing slight deviations in values after the decimal place; amine group  
N–H⸝
⸌  which stretch at frequency (3449.20 cm-1), methylene group, C–H (2920.45 cm-1), methyl, C–H 
stretch (2853.96 cm-1), terminal alkyne group, C≡C, (2103.57 cm-1), secondary amine bend (1644.47 
cm-1) and aromatic ring, C=C–C (1460.83 cm-1). However, methyl, C–H bend of frequency 1365.85 cm-1, is 
in the wave frequency as aromatic tertiary amine and primary amine, indicating their presence . Also, 
O–H group was observed at frequency 1248.70 cm-1 with secondary amine, CN stretch at frequency 
1156.88 cm-1.  
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Introduction 
 Milk is an emulsion, containing fat globules that dispersed into liquid phase at temperature above 
45◦C and starts crystalizing at tempearature below this temperature. However, milk casein micelle is stable 
when exposed to heat for a longer period of time without coagulating (Hui et al., 2007). The stability of 
these nutritional and or molecular components to heat treatments, are of major concern. Too much heat 
treatment and improper handling as well as under treatment can either cause damage to these components 
or microbial or enzyme activities.  
 Food rheology deals with the deformation and flow of food materials due to the action of  
external forces. Fluid foods are heterogeneous materials, containing many molecules (Krokida et al., 2001). 
The modification of raw milk contents as seen in fermented milk according to Espírito-Santo et al., (2012) 
can influence it texture, rheology and sensory properties.When food is worked on, the molecular contents 
are rearranged to take new form in appearance or taste. This could be understood by an example of the 
shearing process, which according Teggartz and Morris (1990), influences the rheology and microstructure 
of ropy yoghurt, a product of raw milk . This subsequently influences the yoghurt casein content which   
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influences the viscosity. However, Fellows (2000) stated that the action of a mixer does not have a direct 
effect on the nutritional makeup or the shelf span of a food but may indirectly affect the components by 
allowing thorough mixing as seen in food like bread, dough and pastries. In addition, for product like milk, 
rancid flavour may develop due to too much agitation of raw milk (Deeth and Fitz-Gerald, 2006). 
 In order understand the behavior of batch pasteurized milks ’ molecules to the treatment 
combinations of this study under consideration, which involved mixing and heat treatments, Fourier Transform 
Infrared (FTIR) spectroscopy, was employed. In other words, this experiment aimed at investigating milk bond 
behavior to mechanical (stirring) and heat treating (pasteurization). The FTIR is a nondestructive method for 
milk analysis that works by expressing vibrational modes of covalent bonds in molecules and it allows a 
quick analysis of several different components of using absorbs IR radiation (Etzion et al., 2004). 
 
Material and methods 
 1. Experimental procedure  
  About 50 L of raw milk samples was bought from the local Fulani herders in Ilorin, and 
transported in ice block coolers to the Food Engineering, pilot plant of the University of the Ilorin, Nigeria, 
where the experiment took place . Two liters of milk was fed into the pasteurizer (Figure 1) and 
held for 30 minutes at 63 degree Celsius after the milk was screened using fine net to remove dirt. Total 
of 18 samples were pasteurized while varying the treatment combinations of speed, stirrer shapes and stirrer 
orientation, however, one sample was pasteurized without stirring which is used as a control in conjunction 
with the raw sample that had no treatment. A 3×3×2 factorial experiment in a Completely Randomized Design 
(CRD) was used in this research work. Few frequencies from the FTIR chat were subjected to statistical analysis 
using Statistical Package for Social Science (SPSS) 20.0 at 95% confidence. 
 
Fourier transform infrared (FTIR) tests 
 The FTIR test was carried out in the Chemistry Laboratory of the University of Ilorin, Kwara State. 
The pasteurized milk samples were ran through the thermo scientific NICOLE iS5 FTIR spectrometer (Figure 
2). The spectrometer has a spectra range of 7800 to 350 cm-1, sensitivity of 2200-2100 cm-1, power source 
of 100 to 120 VAC, 50/60 Hz and a spectra resolution greater than 0.8 cm-1. 
 

   
 
Figure 1:  Setup of the batch pasteurizer 
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Figure 2:  Thermo Scientific Nicolet iS5 FTIR Spectrometer 
 
Results and discussion 
 The milk sample pasteurized without stirring in Figure 3 which is the second control, the following 
were obtained; amine group N–H⸝

⸌  which stretch from aromatic amine to heterocyclic amine at frequency 
(3474.41 cm-1) when compared to the raw sample. The methylene group, C–H (2964.64 cm-1) and Methyl 
C–H stretch (2923.48 cm-1) remained in the same frequency range as the raw sample but with new 
frequencies. However, the terminal alkyne group, C≡C, (2074.93 cm-1) showed characteristics aromatic 
combination band. Secondary amine, NH bend (1641.16 cm-1), aromatic ring stretch, C=C–C (1460.69 cm-1), 
methyl, C–H (1375.20 cm-1) and O–H (1245.38 cm-1) remained in their frequency range with secondary 
amine, CN stretch changing at frequency 1245.38 cm-1 changing from secondary aromatic amine to primary 
aromatic amine. Also, primary amine CN stretch was observed to remain in range at 1071.24 cm-1 while 
changing to secondary amine at 1163.06 cm-1 indicating that the amine group is increased or strongly 
influenced by the interactions between the variable parameters, with vinyl C–H out-of-plane bend being 
replaced by primary amine at frequency (1039.58 cm-1). These new frequencies indicate an increase or 
decrease in organic behaviour of the milk samples. In a study by Borgo et al., (2015) using pasteurized human 
milk; similar trends in change in frequencies were observed for various molecules in the pasteurized milk 
samples. However, from the study there were no variations in speed was reported rather only the effect of 
pasteurization on the donated human milk were reported to have caused these shifts in frequencies or 
bonds. Also, the amount of water in milk may affect it sensory properties, for milk product with high water 
content is more likely to coalesce than that with low water content (Rønholt et al., 2014) and while the milk 
fat is subjected to high temperature other than the room temperature, some fractions of the low melting 
fatty acids is likely to melt and escape from the molecular crystals (Rønholt et al., 2013). This may also 
explain while the milk molecules and the fatty acid groups responded to mechanical and heat treatment 
during batch pasteurization. 
 Vélez et al., (2010), in a similar study reported that pasteurization and agitation significantly affect the 
molecular properties of pasteurized milk. However, the extent of agitation as not reported. For the single 
anchor stirrer at 30 rpm in Figure 4, amine group N–H⸝

⸌  which stretch at frequency (3442.74 cm-1), 
methylene group, C–H (2917.15 cm-1), methyl C–H stretch (2853.83 cm-1) and remained in their frequency 
range with slightly different frequencies as observed in the two control samples. However, terminal alkyne 
group, C≡C, (2090.77 cm-1) showed characteristics aromatic combination band. However, secondary amine 
bend (1637.99 cm-1), aromatic ring, C=C–C (1470.18 cm-1), methyl, C–H (1372.03 cm-1), O–H (1235.88 cm-1), 
secondary amine, CN stretch (1172.56 cm-1), primary amine CN stretch at 1096.57 cm-1 and 1017.41 cm-1 
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with vinyl C–H out-of-plane bend (966.76 cm-1) remained in frequency range with different frequency with 
different frequency band compared to two controls. 

For the single anchor stirrer at 36 rpm in Figure 5, amine group N–H⸝
⸌  which stretch at 

frequency (3471.21 cm-1), methylene group, C–H (2923.48 cm-1), methyl C–H stretch (2856.99 cm-1), 
terminal alkyne group, C≡C, (2087.60 cm-1), secondary amine bend (164.16 cm-1), aromatic ring, C=C–C 
(1467.02 cm-1), methyl, C–H (1375.20 cm-1), O–H (1245.38 cm-1), secondary amine, CN stretch (1159.89 
cm-1), primary amine CN stretch at 1071.24 cm-1 and 1033.25 cm-1 with vinyl C–H out-of-plane bend 
(988.92 cm-1) remained in frequency range with different frequency band compared to the two controls. 
This increase or decrease in the frequency of stretch indicate an increase or decrease in the molecular 
contents such as protein value, phenol value or amino groups etc. Kaylegian et al. (2009) and Khan et al. 
(2018) reported similar molecular behaviour for pasteurized milk on fatty acid chain length and trans fatty 
acid.  
 Li-Chan (2007) reported the spectrum behaviour in pasteurized milk using Raman Spectroscopy 
which makes use of high photon energy light similar to Fourier transform spectroscopy, observed changes 
in the frequency bands of heated milk for 80 degree Celsius for 60 minutes, for phenol, C-H groups and 
polypeptide chain whose bands moved from 935 cm-1 to 944 cm-1 at pH 7.0 which is similar to this study. 
This is also similar to Larsson (1996) who reported similar changes in milk fat . Major changes were also 
observed in bovine serum albumin and oil, for C-H bending of as well as C=C, and COOR stretching modes 
of the oil (Meng et al., 2006). The oil and water interface in milk reduces when heat is applied, thereby 
increasing cohesive interfacial film around oil droplets. For this reason, milk proteins are useful as emulsifiers 
in foods (Holt and Rogniski, 2001). In addition, stretching or compression of these bonds makes it easy to 
adjust milk molecular profile.   
 However, similar trends can be seen in all the other samples in this study, as they all remain in 
their frequency range with differences in their frequency bands. Wen et al. (2012) stated that any treatment or 
technique that disturbs the balance among milk components will impact directly, the rheological properties of 
milk product such as yoghurt, like the increase in protein content leads to an increase in thixotropy of the 
yoghurt and the increase or decrease of milk fat will increase or decrease the viscoelastic properties of yoghurt. 
Furthermore, this study shows that, a new substance or molecular bond has not been created, rather  
adjustments in the frequencies values either to stretch or compress the carbon to hydrogen bond (C–H), 
nitrogen to hydrogen bond N– H⸝

⸌  and oxygen to hydrogen bond (O–H) etc., due to the study 
treatment. This shows that each experimental treatment has an individual effect on the milk samples as 
could be observed in Table 1 and 2, with few exceptions. This can be thought of as the rearrangement of 
bonds rather the creation of new bonds. 
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Figure 3:  Fourier transform infrared spectroscopy chart of the raw milk sample   
                  

   
   
Figure 4:  Fourier transform infrared spectroscopy chart of the milk pasteurized without stirring 
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Figure 5:  Fourier transform infrared spectroscopy chart of the interactions between single anchor stirrer at 
30 rpm 
 

   
Figure 6:  Fourier transform infrared spectroscopy chart of the interactions between single anchor stirrer at 
36 rpm 
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Table 1:  Summary of the analysis of variance of the N-H, O-H and CN stretch bond frequencies 
Source Dependent Variable df F Sig. 

M-A N-H 2 1.548E4 0.000* 
O-H 2 7.400 0.005* 
CN Stretch 2 3.426 0.055 

N-B N-H 1 8.384E4 0.000* 
O-H 1 18.148 0.000* 
CN Stretch 1 20.773 0.000* 

S-C N-H 2 1.331E5 0.000* 
O-H 2 12.680 0.000* 
CN Stretch 2 9.071 0.002* 

A* B N-H 2 3.425E4 0.000* 
O-H 2 3.187 0.065 
CN Stretch 2 17.307 0.000* 

A * C N-H 4 5.637E4 0.000* 
O-H 4 22.014 0.000* 
CN Stretch 4 17.329 0.000* 

B * C N-H 2 1.004E5 0.000* 
O-H 2 21.886 0.000* 
CN Stretch 2 13.089 0.000* 

A * B * C N-H 4 3.643E4 0.000* 
O-H 4 14.769 0.000* 
CN Stretch 4 15.939 0.000* 

Error N-H 18   
O-H 18   
CN Stretch 18   

Total N-H 36   
O-H 36   
CN Stretch 36   

Keys: Stirrer shapes (A), Stirrer orientation (B), Speed (C) 
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Table 2:  New Duncan multiple range test for some molecular bond frequencies 
 Factors N-H O-H CN stretch 

Stirrer shapes (A) 

Anchor stirrer 3.4564a 1.2403a 1.1620ab 
Helical stirrer 3.4554b 1.2389a 1.1630a 
Vane impeller 3.4485c 1.2425b 1.1607b 

 
Stirrer orientation(B) 

Single stirrer 3.4476a 1.2390a 1.1636a 

Double stirrers 3.4592b 1.2422b 1.1603b 

Speed (C) 

30 rpm 3.4420a 1.2382a 1.1610a 
36 rpm 3.4511b 1.2406b 1.1607a 
42 rpm 3.4670c 1.2429c 1.1641b 

     
 
Conclusion 
 In conclusion, it could be inferred from study that heat treatment in combination with medium 
to slight agitation and whatever the shape or orientation of the stirrer in a batch pasteurizer may be, will 
likely not damage the molecular arrangement or cause an untold reaction in batch pasteurized milk sample.  
 
References 
Borgo, L.A., Araújo, W.M.C., Conceição, M.H., Resck, I.S. & Mendonça, M.A. (2015). Are fat acids of human milk  
  impacted by pasteurization and freezing?. journal Nutricion Hospitalaria Vol. 31(3):1386-1393. 
Deeth, H.C. & Fitz-Gerald, C.H. (2006). Lipolytic enzymes and hydrolytic rancidity . In: Advanced Dairy  
  Chemistry – 2 Lipids, 3rd Edition (eds P.F. Fox and P. McSweeney), pp. 481-556, Springer, New York. 
Espírito-Santo, A.P., Perego, P., Converti, A. & Oliveira, M.N. (2012). Influence of milk type and addition of  
  passion fruit peel powder on fermentation kinetics, texture profile and bacterial viability in  
  probiotic yogurts. LWT-Food Science and Technology, Vol. 47(2):393–399. 
Etzion, Y., Linker, R., Cogan, U. & Schmulevich. (2004). Determination of Protein Concentration in Raw Milk  
  by Mid-Infrared Fourier Transform Infrared/Attenuated Total Reflectance Spectroscopy. Journal  
  of Dairy Science, Vol. 87, pp.2779-2788. 
Fellows, P. (2000). Food Processing Technology Principles and Practice Second Edition . Woodhead  
  Publishing Limited Abington Hall, Abington Cambridge, England, pp.1-591. 
Holt, C. & Rogniski, H. (2001). Milk proteins: Biological and food aspects of structure and function. In: Sikorski,  
  Z. E. (Ed.), Chemical and Functional Properties of Food Proteins. Technomic Publishing Company,  
  Incorporated, Lancaster, PA, pp. 271–334. 
Hui, Y.H., Ramesh, C.C., Stephanie, C., Nanna, A.C., Joannie, C.D., Jeffrey, W.H., Leo, M.L.N., Eyal, S., Nirmal,  
  S., Erika, B.S., Somjit, S., Fidel, T. & Alan, T. (2007). Handbook of food products manufacturing.  
  Wiley-Interscience, Publication, Hoboken, N. J. pp.1-2237. 
Kaylegian, K.E., Lynch, J.M., Fleming, J.R. & Barbano, D.M. (2009). Influence of fatty acid chain length and  
  unsaturation on mid-infrared milk analysis. American Journal of Dairy Science, 92:2485–2501.  
Khan, M.U., Hassan, M.F. & Rauf, A. (2018). Effect of temperature on milk fats of cow, buffalo, and goat used  
  for frying local food products. Journal of Food Quality and Saftey, Vol. 2(1):51–57. 
 



 

20 
ปีที่ 1 ฉบับที่ 2 กรกฎาคม – ธันวาคม 2563 วารสารมหาวิทยาลัยราชภัฏร้อยเอ็ด: วิทยาศาสตรแ์ละเทคโนโลย ี
Volume 1 No.2 July – December 2020 Journal of Roi Et Rajabhat University: Science and Technology 

  

 

Krokida, M.K., Maroulis, Z.B. & Saravacos, G.D. (2001). Rheological Properties of Fluid Fruit and Vegetable  
  Puree Products: Compilation of Literature Data. International Journal of Food Properties,  
  Vol.4(2):179-200. 
Larsson, K. (1996). Raman spectroscopy for studies of interface structure in aqueous dispersions. In: Paoletti  
  R., Jacini G., Porcellati R. (Eds.). Lipids. Technology, Raven Press, New York, pp. 355–360. 
Li-Chan, E.C.Y. (2007). Vibrational spectroscopy applied to the study of milk proteins. Le Lait, INRA EDP  
  science Journal, Vol. 87 (4-5):443-458. 
Meng, G., Howell, N.K. & Li-Chan, E.C.Y. (2006). Investigation of protein-lipid interactions by vibrational  
  spectroscopy. In: Mossoba, M.M., Kramer, J.K.G., Brenna, J.T. & McDonald, R.E. (Eds.), Lipid  
  Analysis and Lipidomics. New Techniques and Applications, AOCS Press, Champaign, IL, pp. 
  355–376. 
Rønholt, S., Kirkensgaard, J.J.K., Mortensen, K. & Knudsen, J.C. (2014). Effect of cream cooling rate and  
  Water content on butter microstructure during four weeks of storage. Food Hydrocolloid, Vol.  
  34, pp.169-176. 
Rønholt, S., Mortensen, K. & Knudsen, J. C. (2013). The Effective Factors on the Structure of Butter and  
  Other Milk Fat-Based Products. Comprehensive Reviews in Food Science and Food Safety, 
  Vol. 12(5):468–482. 
Teggartz, J.A. & Morris, H.A. (1990). Changes in the Rheology and Microstructure of Ropy Yogurt During  
  Shearing. Food Structure, Vol. 9 (2):133 – 138. 
Vélez, M.A., Perotti, M.C., Wolf, I.V. Hynes, E.R. & Zalazar, C.A. (2010). Influence of milk pretreatment on  
  production of free fatty acids and volatile compounds in hard cheeses: Heat treatment and  
  mechanical agitation. American Journal of Dairy Science, Vol.93, pp. 4545-4554. 
Wen, Y. Liu, N. & Zhao, X. (2012). Chemical Composition and Rheological Properties of Set Yoghurt Prepared  
  from Skimmed Milk Treated with Horseradish Peroxidase. Journal of Food Technology and  
  Biotechnology,Vol 50, pp.473–478.  
 
 


