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The impact of reducing pork fat levels from 21% to 5% with varying concentrations of blue corn germ (2%, 

3.5%, 5%, 8.5%, 13.5%, and 18.5%) on the physicochemical and textural properties of low-fat frankfurters was 

investigated. Decreased fat content correlated with reduced cooking loss, moisture content, and total lightness, 

redness, and yellowness of the sausages. Conversely, increased firmness and chewiness were observed. Frankfurters 

containing higher levels of blue corn germ exhibited enhanced firmness and chewiness compared to those with lower 

levels. Analysis of frankfurters with different fat and blue corn germ levels revealed an increase in hardness until 

the 8th day of storage, followed by a decrease by the 14th day. Optimal results were observed in samples containing 

20% pork fat and 5% blue corn germ. However, excessive blue corn germ inclusion did not yield positive effects. 
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Көк жүгері ұрығының әртүрлі концентрациясы (2 %, 3,5 %, 5 %, 8,5 %, 13,5 % және 18,5%) мен 

шошқа майының 21%-дан 5%-ға дейін концентрациясының төмендеуі төмен майлы шұжықтардың 

физика-химиялық және текстуралық қасиеттеріне әсері зерттелді. Майдың азаюы пісіру шығын-

дарының, ылғалдың, жалпы түстің ашықтығының, қызарудың және шұжықтардың сарғыштығының 

төмендеуімен байланысты болды. Ал керісінше, серпімділік пен шайнауға ыңғайлылықтың жоғарылауы 

байқалды. Көк жүгері ұрығының көп мөлшері бар майлығы төмен шұжықтар көк жүгері ұрығының аз 

мөлшерімен салыстырғанда қаттылық пен шайнауға ыңғайлылық қасиетінің жоғарылауымен 
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ерекшеленді. Әр түрлі майлы және көк жүгері ұрықтары бар майлығы төмен шұжықтарды талдау 

қаттылықтың 8-ші сақтау күніне дейін жоғарылағанын, содан кейін 14-ші күнге дейін төмендегенін 

көрсетті. Оңтайлы нәтижелер 20% шошқа майы мен 5% көк жүгері ұрығы бар үлгілерде байқалды. 

Алайда, көк жүгері ұрығын шамадан тыс қосу оң нәтиже бермеді.  

 

Негізгі сөздер: шұжық, көкөніс қоспасы, көк жүгері, жүгері ұрығы, антиоксидант. 

 

ВЛИЯНИЕ УРОВНЯ ЗАРОДЫШЕЙ СИНЕЙ КУКУРУЗЫ НА КАЧЕСТВЕННЫЕ 

ХАРАКТЕРИСТИКИ КОЛБАС С ПОНИЖЕННЫМ СОДЕРЖАНИЕМ ЖИРА 
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Исследовалось влияние снижения содержания свиного жира с 21 % до 5 % при различной 

концентрации зародышей синей кукурузы (2 %, 3,5 %, 5 %, 8,5 %, 13,5 % и 18,5 %) на физико-химические и 

текстурные свойства низкожирных сосисок. Снижение содержания жира коррелировало с уменьшением 

потерь при варке, уменьшением содержания влаги, общей светлоты, красноты и желтизны колбас. 

Напротив, наблюдалось увеличение упругости и прожевываемости. Низкожирные сосиски, содержащие 

большее количество зародышей синей кукурузы, отличались повышенной упругостью и прожевы-

ваемостью по сравнению с теми, в которых содержание зародышей синей кукурузы было меньшим. 

Анализ низкожирных сосисок с различным содержанием жира и зародышей синей кукурузы показал 

увеличение твердости до 8-го дня хранения, а затем снижение к 14-му дню. Оптимальные результаты 

наблюдались в образцах, содержащих 20% свиного жира и 5% зародышей синей кукурузы. Однако 

чрезмерное включение зародышей кукурузы не дало положительного эффекта. 

 

Ключевые слова: колбаса, растительная добавка, синяя кукуруза, зародыш кукурузы, 

антиоксидант. 

 

Introduction 

Zea mays L. corn is a versatile species. The 

color of corn grain depends on the content of 

pigments, which are found in the seed coat and 

aleurone layer.  

Carotenoids give the corn grain a yellow or 

white color, and lutein and zeaxanthin are the 

main xanthophylls found in varieties with such 

coloration due to the presence of anthocyanins (up 

to 16.4 mg of anthocyanins/g). The main pigment 

is 3-O-β-D cyanidin glucoside (C3G) - the so-

called chrysanthemin (about 73%). Other 

identified anthocyanins in blue corn are: 3-O-β-D 

glucoside of pelargonidin, 3-O-p-D-glucoside of 

peonidin, cyanidin 3-O-β-D-6-malonyl-glucoside, 

3-O-β-D-(6-malonyl-glucoside of pelargonidin, 

and 3-O-β-D-6-malonyl-glucoside of peonidin. 

Blue corn has not yet found wider use on an 

industrial scale [1, 2]. Among food products made 

from blue corn and available on the market 

(mainly in Mexico, South America, and the USA), 

tortillas, chips, and chips-tortillas dominate [3, 4]. 

In addition, traditional Central American dishes - 

corn atole, tostada, tlacoyo, tamale, and gordita - 

are made from it on a small scale [3, 5, 6, 7]. 

Many research results indicate a higher 

health-promoting value of products prepared on 

the basis of blue corn compared to other varieties, 

due to the high content of phenols, flavonoids and 

ferulic acid [8, 9]. Blue corn's starch has a higher 

protein content compared to white corn [10]. Bódi 

et al. [11] point to the high iron content of blue 

corn grain (even more than 40 mg/kg). Dickerson 

[5] notes the higher zinc content compared to 

yellow dent corn. New hybrid varieties are 

characterized by higher magnesium, potassium, 

manganese, and zinc contents compared to local 

lines [12], and some of them also have higher 

antioxidant potential [13].  

In an era of increasing importance in the 

dietetics of functional foods, there has been 

increased interest in the phytochemical properties 

of the bioactive substances contained in blue corn 

and the potential for their wider use in the food 

industry [14-17]. The increase in the importance 

of blue corn observed in recent years is primarily 

related to the prospect of making functional foods 

from it that combine high nutritional value and 

health-promoting properties due to the presence of 

valuable amino acids, antioxidants, and 

micronutrients with taste [18].  
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Domestically grown blue corn grain may 

prove to be an interesting raw material due to its 

rich source of carbohydrates and bioactive 

substances - anthocyanins and flavanols, 

components with antiradical and antioxidant 

activity. By-products generated during the 

preparation of corn for brewing - germ removal - 

may be the subject of research. Germ flour has an 

intense color, starch content of about 34 to 39%, 

protein - about 10% and fat - about 12-15%. 

This study aims to show the impact of the 

use of blue corn germ in a kind of frankfurter 

sausages. The choice of sausage can be explained 

by the fact that sausages had been already 

produced with an incorporation of yellow corn 

germ proteins [19]. This incorporation improves 

the stability and strength of emulsion due to the 

good water and fat binding capacities of these 

proteins [20]. Therefore, these capacities enable to 

obtain a better yield of production when corn 

germ proteins are added to the sausage [20]. All of 

these results can improve the texture of the final 

product and can allow sausage producers to have 

less waste in their production. Even if these 

results are obtained with yellow corn germ 

proteins, we can be sure that blue corn germ 

proteins have similar textural properties. Another 

study showed blue corn germ contains more 

proteins than yellow corn germ [21], so using blue 

corn germ can be a good thing for sausage texture. 

But the proportion of blue corn germs has to be 

enough to obtain good textural properties and not 

more to keep the taste of meat and not obtain an 

intense blue colour. This colour is due to the 

presence of anthocyanins [21]. Using blue corn 

germs in sausages can also improve the colour of 

these products. For the following study, non-

defatted blue corn germ was used because the 

protein extraction and defatting process entail 

additional expenses and time for sausage 

producers. That is why several compositions were 

tried for experiments to determine what 

proportion of blue corn germs is the best for the 

organoleptic properties of sausages and their 

stabilities during storage. 

Materials and research methods 

Sausage formulation 

Frankfurters were made with a blue corn 

germ content of 2%, 3.5%, and 5%. They have 

also been tested to decrease the amount of pork fat 

because blue corn germs already contain lipids. 

Indeed, too much lipid content could lead to 

greater oxidation of lipids (especially those of 

corn germs) [1] and lead to an unpleasant flavor. 

Thus, sausages having a pork fat content of 20%, 

15%, 10% and 5% were prepared (Figure 1). Pork 

fat was offset by blue corn germ. Each frankfurter 

has a weight of 50 g and the different 

formulations are described in Table 1. 

 

Table 1. Frankfurter formulations with various fat and corn germ levels (%) 
 

 

Ingredients 

 

Control 

Treatments 

2 % blue 

corn germ 

3,5 % blue 

corn germ 

5 % blue 

corn germ 

20 % 

fat 

15 % 

fat 

10 % 

fat 

5 % 

fat 

lean pork 51 50 49 48 50 50 50 50 

pork fat 21 20 21 21 20 15 10 5 

ice 25 25 25 25 25 25 25 25 

salt 1,5 1,5 1,5 1,5 1,5 1,5 1,5 1,5 

blue corn germ 0 2 3,5 5 3,5 8,5 13,5 18,5 
 

 
 

Figure 1. Frankfurters with various blue corn germ and fat levels 

 

Physical-Chemical analysis  

Cooking loss was determined following the 

method outlined by the Association of Official 

Analytical Chemists (AOAC) [22]. Frankfurter 

samples were cooked using the standardized 

method to ensure consistency across experiments. 

Peroxide value was determined using the method 

outlined by AOCS [23]. Thiobarbituric acid 
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reactive substances analysis (TBARS) was 

conducted following the method described by 

Botsoglou et al. [24]. The sample extracts were 

reacted with thiobarbituric acid and absorbance 

was measured spectrophotometrically. All deter-

minations were performed in duplicate. 

Instrumental analysis 

Texture profile analysis (TPA) was per-

formed following procedures outlined by Bourne 

[25]. Samples were subjected to compression tests 

using a texture analyzer to assess parameters such 

as hardness, cohesiveness, springiness, and 

chewiness. Frankfurter samples were analyzed 

using a colorimeter to determine L* (lightness), a* 

(redness to greenness), and b* (yellowness to 

blueness) values, providing insights into the visual 

appearance of the products. 

Sensory Evaluation 

Sensory evaluation was conducted follow-

ing standardized protocols described by Meilgaard 

et al. [26]. 10 trained panelists of the Department 

‘Functional food products development’ evaluated 

the organoleptic properties of the frankfurter 

samples, including taste, aroma, appearance, and 

overall acceptability. 

Results and discussion 

The addition of blue corn germ has been 

found to significantly reduce the loss of cooking 

mass, resulting in a more efficient production 

yield. This is attributed to the functional 

properties of the proteins present in the germ. 

Furthermore, the sensory and textural attributes of 

the frankfurter sausages were positively impacted 

by the addition of blue corn germ, with improved 

firmness and chewiness noted in sausages 

formulated with higher levels of blue corn germ. 
 

 
a)                                                                   b) 

Figure 2. Effects of cooking loss frankfurters formulated with various fat and blue corn germ levels 
 

This loss reduction is 75% when a blue 

corn germ content is 5%. Thus, it can be said that 

the functional properties of the proteins of the 

blue corn germ have allowed a better yield of 

production. The moisture of the samples (Figure 

3) is close between each sample and does not 

exceed more than 3%. But control frankfurter was 

the wettest. Thus, if the use of blue corn germ 

reduces the water content of the sample, the losses 

of mass related to the cooking of these samples 

are due to the loss of fat. These findings may be 

attributed to the phenomenon whereby FAX 

(soluble dietary fiber) retains free water within the 

meat product, consequently converting it into 

bound water [27]. 

 

 
 

Figure 3. Humidity averages of frankfurters formulated with various fat and blue corn germ levels 

There are observable changes in color 

parameters over time for all formulations, with 

variations in L*, a*, and b* values from 1 day to 

14 days (Table 2). All frankfurter samples 

containing blue corn germ showed a significantly 

lower L* value than the control, indicating that 
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the samples were slightly darker. The a* and b* 

values of all test samples were higher than those 

of the control, which means that the samples were 

more reddish and less yellow than the phosphate-

containing control. The L* values for the control 

group range from approximately 74.8 to 75.4 

across the days of storage points, indicating 

relatively stable lightness levels. It was revealed 

that the L value decreased by adding chickpea 

flour [28]. The a* values increased from 1 day to 

14 days of storage, suggesting a shift towards 

redness. The b* values decrease, indicating a shift 

towards yellowness. Formulations with blue corn 

germ: adding blue corn germ to the formulations 

appears to influence the color parameters 

compared to the control. For example, in the "20% 

pork fat - 2% blue corn germ" group, there's a 

slight decrease in L* values and a* values 

compared to the control, indicating slightly darker 

and less red frankfurters. However, the b* values 

remain relatively consistent. Impact of pork fat 

and blue corn germ content: variations in pork fat 

content (ranging from 5% to 20%) and blue corn 

germ content (ranging from 2% to 18.5%) also 

affect the color parameters. Generally, higher pork 

fat content tends to result in higher L* values and 

lower a* values, indicating lighter and less red 

sausages. Higher blue corn germ content appears 

to slightly decrease L* values and increase a* 

values, indicating darker and slightly redder 

frankfurter. Choi et al. investigated the effects of 

reducing pork fat levels from 30% to 20%, 155, 

and 10% by partially substituting pork fat with a 

makgeolli lees fiber in raw meat batters and 

frankfurters [29]. 

 
Table 2. Colour parameters (L∗, a∗, b∗ values) of frankfurters formulated with various fat and blue corn germ levels 

 

 

Samples 

L* a* b* 

1 

day 

7 

days 

14 days 1 

day 

7 

days 

14 

days 

1 

day 

7 

days 

14 

days 

control: 20% pork fat-

without blue corn germ 

74,798 75,364 75,088 5,108 6,372 7,266 8,084 7,984 7,994 

20% pork fat-2% blue 

corn germ 

73,9 73,672 74,934 5,512 5,952 6,774 7,298 6,944 6,648 

20% pork fat-3,5% blue 

corn germ 

75,13 72,614 73,494 5,58 5,592 6,026 7,29 6,67 6,45 

20% pork fat-5% blue 

corn germ 

70,72 73,11 73,244 4,28 5,114 5,702 5,42 3,926 4,58 

5% pork fat-18,5% blue 

corn germ 

61,56 63,202 67,036 4,14 5,48 4,646 2,42 2,528 2,894 

10% pork fat-13,5% 

blue corn germ 

67,98 68,05 73,0 4,19 4,798 6,148 5,2 3,926 5,126 

15% pork fat-8,5% blue 

corn germ 

72,4 71,106 64,888 4,29 4,434 5,896 6,49 5,194 3,928 

 

The evolution of the peroxide values 

(Figure 4) was generally the same for each 

sample. However, for the first day, the value of 

the control was the biggest indicating that this 

sample was the most oxidized. Thus, it is noticed 

that there is no more oxidation with the blue corn 

germ. The decreased peroxide value with the 

increased addition of blue corn germ might be due 

to the high content of phenols, flavonoids, and 

ferulic acid [8, 9]. In other research on skinless 

beef sausages, the peroxide value was slightly 

decreased (p<0.05) with the addition of wheat 

germ flour [30]. 
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Figure 4. Peroxide values of frankfurters formulated with various fat and corn germ levels 

 

TBARS values were influenced by both the 

concentration of added blue corn germ and 

storage conditions (Figure 5). From the outset of 

storage, TBARS values were lower in the 

frankfurters formulated with various fat and blue 

corn germ levels than in the control. The TBARS 

value of the formulation with 10% pork fat and 

13.5% blue corn germ decreased on the 7th day of 

storage and slightly increased till the 14th day of 

storage. It has been suggested that the reduction in 

TBARS values might be attributed to the 

emergence of malonaldehyde as an intermediary 

compound. Within a specified timeframe, the pace 

of malonaldehyde generation surpassed that of the 

compound's depletion; subsequently, a reversal 

occurred wherein the rate of disappearance 

surpassed the rate of formation. Consequently, 

this led to a decline in TBARS values [31]. 
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Figure 5. TBARS values of frankfurters formulated with various fat and corn germ levels 

 

Data presented in Figure 6 shows the 

sensory properties (aroma, color, taste, texture, 

juiciness, tenderness, cohesiveness, homogeneity, 

and overall acceptability) of control and 

frankfurters formulated with various fat and corn 

germ levels. It also appears that the presence of 

blue corn germ gives a more attractive general 

appearance to sausages compared to the control. 

From the results, it was observed that the addition 

of blue corn germ enhanced the sensory 

characteristics at concentrations of 2%, 3.5%, and 

5%. The best scores for sensory properties were 

recorded at 5.0, 5.01, and 5.0 in overall 

acceptability compared to the control sausage, 

which scored 4.0. These results show that the blue 

corn germ contained high amounts of total 

phenolic compounds and total flavonoids may 

improve the acceptability of frankfurters. 
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Figure 6. Sensory evaluation of frankfurters formulated with various fat and blue corn germ levels 

 

The TPA attributes of frankfurters 

formulated with various fat and blue corn germ 

levels (Figure 7) indicate that the hardness slightly 

increased for all treatments and the control 

without any additive until the 8th day of storage, 

then significantly decreased by the 14th day. 

Texture profile analysis was conducted using a 

texture analyzer to evaluate the textural properties 

of the frankfurter sausages. The results revealed 

that the incorporation of blue corn germ led to 

significant improvements in the texture of the 

sausages. Notably, sausages formulated with 

higher levels of corn germ exhibited increased 

firmness and chewiness compared to those with 

lower levels of corn germ. Research on TPA 

attributes of frankfurters formulated with various 

fat and corn germ levels shows that the hardness 

of all treatments and control without any additives 

increased slightly until the 8th day of storage, then 

significantly decreased by the 14th day. This 

suggests that the addition of blue corn germ not 

only enhances the initial texture of the sausages 

but also contributes to improved texture stability 

over time. 
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Figure 7. TPA attributes of frankfurters formulated with various fat and blue corn germ levels 

 

Conclusion 

Low-fat frankfurters can be manufactured 

by incorporating a combination of blue corn germ, 

resulting in a product with favorable attributes. 

The formulation of frankfurters and storage 

conditions influence various product character-

ristics, including cooking loss, color, peroxide and 

TBARS values, TPA attributes, and sensory 

properties, all of which were evaluated in this 

study. Optimal results were observed in samples 

containing 20% pork fat and 5% blue corn germ. 

However, excessive blue corn germ inclusion did 

not yield positive effects. In addition, these results 

suggest that this can be a suitable strategy for the 

production of low-fat frankfurters as a potential 

functional food. 
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Currently, pectin substances and their compounds are often used in cooking as an anionic surfactant. In the 

technology of food preparation, such properties of pectin substances as swelling, thickening, gel-forming, crystal-

forming, water-absorbing ability, and emulsifying ability are of great importance. Like any gel-forming fiber, pectin 

helps remove heavy metals from the body such as lead, mercury, cadmium, etc. MCP may be better suited for these 

purposes, as it has been used in four clinical studies of heavy metal detoxification. Considering the accumulation of 

radioactive elements, heavy metal salts and pesticides in the environment and the human body, Jerusalem artichoke, 

which is rich in pectin substances, carotene and dietary fiber, is of particular interest. It is also economically 

beneficial as it is a domestic raw material. The goal of scientific research is to obtain a new type of functional bread 

with the addition of vegetable pectin. In this article, it was determined that the addition of pectin to dough has an 

effect on biochemical, colloidal, as well as microbiological processes. It also affects the physicochemical and 

rheological properties and reduces the content of contaminants. The work investigated that when pectin substances 

are added to the dough, its initial acidity increases. Acidity varied 2.2-2.4. It was also noted that in the test sample the 

fermentation process was more active; the activity of the fermentation process was associated with the addition of 

sugar along with pectin. As a result of this work, in order to improve the quality of bread and extend shelf life, pectin 

from raw materials of plant origin was added, the properties of bread samples with Jerusalem artichoke pectin with 

high performance were studied, and their organoleptic, physicochemical and safety indicators were studied. It was 

revealed that pectin reduces the content of some toxic elements by up to 100%. Practical significance: the conducted 

studies showed that the obtained samples of functional bread can be recommended for introduction into production 

to expand the range of bakery products. 

 

Keywords: pectin, modified citrus pectin (MCP), complexation, heavy metal salts, Jerusalem 

artichoke, properties of pectin, bread. 
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