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ABSTRACT 

The textural and sensory properties of a ferrous-induced milk protein gel prepared by heating 

skim milk with 12–27 mM added ferrous chloride and ferrous sulphate were investigated. 

Hardness and WHC increased and SWS decreased with increasing concentration for non-

flavoured gel, while hardness and WHC of the flavoured gel increased and SWS decreased 

during storage at 7 °C for 28 days. Sensory studies showed that the gels were acceptable at added 

ferrous concentrations of 15–21 mM, but 18 mM got the highest score. Adding sugar and 

flavours did not affect the formation of the gels but increased their sensory scores. 
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INTRODUCTION: 

Milk protein gelation is an important process 

in the production of dairy products. It 

happens when interactions between protein 

and protein lead to the creation of a three-

dimensional network composed of 

molecules of water. It is essential to balance 

the appealing forces needed to create a 

network with the repulsive forces needed to 

avoid its collapse 
(13) (19)

. 

Heating milk at 70 ° C with added ion salt at 

20 to 200 mM concentrations causes the 

proteins to be coagulated with whey release 
(16)

. However, a gel is formed without whey 

release when milk is heated with lower 

concentrations of added an ion chloride 
(15)

. 

Gels can also be created by altering colloidal 

relationships with varying pH, salt, ionic 

strength, and enzyme action 
(7)

. It has been 

studied the thermal stability of skim milk 

with an ion salt added up to 20 mM by 

determining the time profile of pH–heat 

coagulation 
(18)

, also recently showed that 

heating milk with 7–20 mM has added an 

ion salt to form a gel similar to that of 

yoghurt but pH is near to natural pH of milk 
(17)

. 

Some variables influence the formation and 

strength of dairy gels, but the concentration 

of electrolytes such as calcium and iron 

salts is one of the most significant. The 

connection between ionic strength and gel 

formation was also proved 
(6)

. This paper 

investigated the textural and sensory 

properties of milk gels produced by iron 

salts. 

MATERIALS AND METHODS: 

Milk samples: 

The raw milk obtained from 10 cows from 

the field of the college. Skim milk was 

produced by centrifugation (2500 g at 5 °C 

for 30 min). 

Preparation of milk gel by ferrous salts: 
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Skim milk samples (100 mL) were heated 

for 20 min at 90 °C, cooled to ~ 22 °C, 

adding 18 mM from both ferrous chloride 

and ferrous sulfate. The milk heated again to 

90 °C for 20 minutes and left for 12 hrs at 

least to produce a gel. All tests were done in 

triplicates. 

Gel hardness: 

A  Texture Analyzer (TA) was used to 

determine the gel hardness at 20 ± 2 °C. The 

parameters of the tool were: cylindrical 

probe; the velocity of penetration 1.0 mm /s; 

the distance of penetration 10 mm with 5.0g 

trigger 
(3)

. The strength of gels was 

measured in triplicate and expressed as 

g/cm². 

Spontaneous whey separation: 

Determination of spontaneous whey 

separation had been done by taking a cup of 

milk gel has been taken from the fridge at 

7±1 °C and whey removed from the sample 

surface by a needle attached to a syringe and 

the cup of milk gel was weighed again 
(1)

. 

To prevent further leakage of whey from the 

curd, the method lasted less than 10sec.  

Water holding capacity (WHC): 

Water-holding capacity (WHC) of gels has 

been determined 
(8)

. Briefly, 10 gels were 

centrifuged at 5000xg for 10 min at 5 °C and 

calculated depending on the following 

formula: 

   WHC % = [1-(w2 / w1)] ×100 
[w1: the weight of gel used, and w2: the 

weight of whey after centrifugation]. 

Sensory evaluation: 

The samples assessed by 8 qualified 

panellists staff from Food Science and 

Quality Control dept. , Agricultural Science 

Engineering College, Sulaimani University. 

The gels evaluated for flavour, texture,  

body,  bitterness, appearance and colour 
(5)

.  

Statistical Analysis: 

All data were analyzed using Statistical 

Program (XL stat, 2016). The significant 

differences between means of traits included 

in this study were determined using the 

probability (p≤ 0.05). 

RESULTS 

Effect different concentration on texture 

and sensory properties  

Effect  of ions salts concentration on gel 

strength, water holding capacity and 

Spontaneous whey separation: 

Hardness is the force necessary to attending 

deformation in gel, its common measure to 

indicate the strength of a gel network. Ions 

salts were not added at levels higher than 27 

mM as these cause the gel strength to 

increase so much that coagulation occurs 

with the expulsion of whey 
(16)

. 

The hardness of gel prepared ferrous salts 

after adding 12 mM were (28, 20) but 

increased till reached (52.5, 50) at 

concentration 27 mM for fecl2 and feso4 

respectively. 

These results indicate that gel hardness 

increased with increasing concentration used 

for the preparation of the gels; this increase 

may be related to the effect of ion in 

increasing the number and strength of bonds 

between milk proteins 
(2) (9) (10)

. 

It has shown in the below table (Table 1), 

there were significantly different between all 

used concentration (12, 15, 18,21, 24 and 

27mM) for both ferrous chloride and 

sulphate. 
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Table 1: Hardness (gm/cm²), Water holding capacity (%) and Spontaneous whey separation (ml) 

of non-flavoured gel at different concentration 

Concentration 

(mM) 

Hardness WHC SWS 

FeCl2 FeSO4 FeCl2 FeSO4 FeCl2 FeSO4 

12 28 20 29.22 26.45 7.00 7.60 

15 39 31 23.93 32.77 5.20 6.30 

18 44.5 38.5 21.53 25.03 3.60 3.30 

21 36.5 62.5 22.23 26.75 3.10 2.50 

24 64.5 43.5 21.84 23.40 2.40 2.00 

27 52.5 50 24.33 23.06 1.70 1.80 

LSD (P≤0.05) 0.89 3.663 0.385 

 

Water holding capacity means the capacity 

of gel to hold water, and with the increment 

of WHC, the quantity of water in the gel will 

be increased, while spontaneous whey 

separation is measuring the volume of whey 

separation on the top of the gels sample.  

Table 1 showed also the WHC of 

manufactured gels by using ferrous salts. 

These values were changed with the 

concentration until reached the lowest value 

at the highest concentration (27 mM) for 

ferrous sulphate, but for ferrous chloride 

lowest value detected in 18 mM 

concentration. 

WHC decreased with increasing 

concentration, and maybe due to the linkage 

of ions with milk protein in each 

concentration. SWS decreased with 

increased ions concentration (Table 1), this 

is due to ions enhancing aggregation of the 

milk proteins and reducing the pore size of 

the protein network, thus reducing the 

separation of whey from the gel 
(11) (12)

.  

Sensory evaluation of non-flavoured gels: 

Sensory evaluation scores of non-flavoured 

ions salt milk gels are summarized in 

(Figure 1). In a preliminary study, added 

ions salts concentrations of 3–30 mM were 

used. Concentrations <12 mM did not result 

in a gel-like texture and concentrations >27 

mM gave a distinct bitter taste and too much 

hard texture and not much bitterness 

detected in gels containing 12–27 mM added 

ferrous salts, so depend on that chosen these 

concentrations. 

As shown in Figure 1, the total score of 

sensory evaluation of milk gel made by 

ferrous chloride and sulphate at different 

concentration. It notices that at first and at 

12 mM concentration, got a high score 

because taste and bitterness cannot detect 

but score decrease at 15 mM and then got 

the highest score at 18 mM concentration 

because had good body, texture and 

appearance beside colour which are main 

parameters to decide. 

Textural and sensory properties of 

flavoured and sweetened ions salt milk 

gels: 

Because gels made with 18 mM added 

ferrous salts which gave the best sensory 

score in non-flavoured gels, this level was 

used to prepare flavoured sweetened gels. 

The added sugar and flavourings did not 

adversely affect the manufacture of the gels. 

The gel hardness of Ions-induced milk gels 

Gel strength increased significantly with the 

number of ions added and time of storage, 

till 2
nd

 weeks (Table 2). This increase is 
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related to the increase in the number and 

strength of cross-linking of the milk proteins 

by ions 
(10)

.  

There was no significant difference between 

(0) week and first week, but there were 

significantly different between 2
nd

 week 

which had the highest hardness with all rest 

for both ferrous chloride and sulphate (Table 

2), maybe that related to web induced result 

of crosslinking. 

We must notice that sugar decreases the gel 

strength because it limits the water 

availability for casein micelle hydration 

which is necessary for the formation of a 

strong gel 
(4)

. 

Figure 1:Sensory evaluation of non-flavoured milk gel prepared by using ferrous chloride and 

sulphate. 

Table 2: Hardness (gm/cm²) for flavoured gels of ferrous salts during storage at 7±1 ᵒC for up 28 

days. 

Flavours Week Ferrous Chloride  Ferrous Sulphate 

Melon  

0 28.5 33 

1 29.5 33.5 

2 41 39.5 

3 40.5 32 

4 37.5 39 

Mint 

0 31.5 31.5 

1 32 31.5 

2 39.5 42.5 

3 34.5 35 

4 41.5 38.5 

Cacao 

0 32.5 26 

1 33 26 

2 35.0 30 

3 23.5 30.5 

4 36.5 29.5 

LSD(P≤0.05)  3.237 1.585 
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Water holding capacity and spontaneous 

whey separation of flavoured gel during 

storage time 

Water holding capacity increased with 

increased ions concentration and time of 

storage (Table 3). This is due to ions 

enhancing aggregation of the milk proteins 

and reducing the pore size of the protein 

network, thus reducing the separation of 

whey from the gel 
(11) (12)

.  

 It notices water holding capacity changed 

during storage time, which increased till 2
nd

 

and 3rd week for gels made by ferrous salts 

in all flavours but after that decreased, 

except in ferrous sulphate increased again 

after that decreasing.  

Generally there was significant difference 

between 2
nd

 and 3th weeks with rest, and its 

show to be related to increasing cross-

linking between ions and casein which 

casein to whey protein ratio decreases, the 

network becomes finner, cross-links become 

denser, and the pore sizes smaller, leading to 

increase of WHC 
(1) (14)

, also there were 

significant difference between different 

flavoured used because nature of each 

flavour and its amount used.  

 

Table 3: Water holding capacity (%) and spontaneous whey separation (ml) for flavoured gels of 

ferrous salts during storage at 7±1 ᵒC for up 28 days. 

Flavour Week 

WHC SWS 

Ferrous 

Chloride 

Ferrous 

Sulphate 

Ferrous 

Chloride 

Ferrous 

Sulphate 

Melon 

0 32.80 41.15 0.57 0.38 

1 33.19 41.79 0.58 0.40 

2 58.30 44.71 0.56 0.60 

3 41.83 49.04 0.54 1.57 

4 42.94 51.48 1.10 0.33 

Mint 

0 31.55 42.03 0.75 0.73 

1 31.87 42.32 0.77 0.75 

2 53.99 45.62 0.65 0.50 

3 46.35 43.05 0.93 0.72 

4 45.10 52.58 0.32 0.24 

Cacao 

0 39.87 42.84 0.65 0.41 

1 40.01 43.04 0.68 0.43 

2 51.81 53.62 1.20 0.22 

3 40.85 48.87 1.14 1.62 

4 50.44 50.66 0.60 0.75 

LSD(P≤0.05)  2.83 2.02 0.18 0.24 
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Also in the same table (Table 3), showed a 

significant difference between different 

flavours used for preparation milk gels by 

ferrous chloride and sulphate during storage 

time. At first of storage, spontaneous whey 

separation is normal and decrease with the 

time passing resulting network made by 

cross-linking became stronger so amount of 

separated water became less, but bypassing 

storage time that network became weak so 

separation water became more 
(1) (14)

, and 

that is reason why amount of spontaneous 

whey separation increased. 

Sensory evaluation of flavoured gels 

Overall, the flavoured gels had very high 

acceptability, higher than the unflavored 

gels (Figure 1). With increasing sugar 

content, the sensory scores for flavour, 

texture, bitterness and appearance/colour 

increased for all gels. 

During storage for 28 d, the total scores of 

the flavoured gels prepared ferrous salts 

decreased, while the total scores for the gels 

prepared with different flavours changed 

slightly within passing storage time. The 

highest sensory score, 88 out of 100, for the 

gel prepared by ferrous chloride and ferrous 

sulphate with cacao flavour, indicates high 

acceptance for this product. Among the 

sensory evaluation scores, flavour and 

bitterness were the most important. 

Generally, there was no significant 

difference between zero time with the first 

week and first week with the second week, 

but clearly can see obvious difference 

between the other weeks, especially between 

first week and last week (4
th

 ), resulting of 

gel strength became less, and analysis 

protein made bitterness increased and got 

less degree as shown in Table 4, 5. 

 

Table 4: Sensory evaluation for flavoured gels prepared by using ferrous chloride during storage 

at 7±1°C for up 28 days. 

Flavour Week 
Flavour 

40 

Bitterness 

20 

Body 

15 

Texture 

15 

Appearance 

& colour 

10 

Total 

100 

FC 

Melon 

0 34 17.5 14 14 8 87.5 

1 33 17.5 14 14 8 86.5 

2 31.5 16 13.5 14 8 83 

3 28 14.5 13 13.5 7.5 76.5 

4 25 12.5 13 13 7.5 71 

Mint 

0 33.5 17 14 13.5 8 86 

1 33 17 14 13.5 8 85.5 

2 31.5 16 13.5 13.5 8 82.5 

3 29 15 13.5 13 8 78.5 

4 24.5 13 13 13 8 71.5 

Cacao 

0 34.5 18 13.5 13.5 8.5 88 

1 33.5 18 13.5 13.5 8.5 87 

2 30.5 16.5 13 13 8.5 81.5 

3 26.5 13.5 13 13 8 74 

4 24 11.5 12.5 12 8 68 

LSD(P≤0.05

) 
0.694  
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Table 5: Sensory evaluation for flavoured gels prepared by using ferrous sulphate during storage 

at 7±1 ᵒC for up 28 days. 

Flavour Week 
Flavour 

40 

Bitterness 

20 

Body 

15 

Texture 

15 

Appearance 

& colour 

10 

Total 

100 

FS - Melon 

0 33 17.5 14 13.5 8.5 86.5 

1 32.5 17 14 13.5 8.5 85.5 

2 32 17 13.5 13.5 8 84 

3 30.5 16.5 13.5 13 7.5 80.5 

4 30 14.5 13 13 7 77.5 

Mint 

0 32 16.5 13.5 13.5 8.5 84.5 

1 32 16.5 13.5 13.5 8.5 84 

2 31.5 16.5 13.5 13.5 8 83 

3 29.5 15.5 13.5 13 8 79.5 

4 25.5 14 13 13 7.5 73 

Cacao 

0 35.5 17.5 13.5 13 8.5 88 

1 35 17.5 13.5 13 8.5 87.5 

2 33.5 17 13 12.5 8.5 84.5 

3 30.5 15.5 12 12 8 78 

4 24.5 13.5 11.5 12 7.5 69 

LSD(P≤0.05

) 
0.536 

 

 

 

CONCLUSION 

Ferrous milk protein gels were produced 

from skim milk using heat treatment and 

ferrous salts addition (18 mM). Sensory 

evaluation of flavoured gels was higher than 

the non-flavoured and textural properties of 

flavoured gels were better also. 
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