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Table 1 - chemical composition of Quinoa seed (%)

Fiber Fat

Protein

Ash Moisture

8.891+0.001 22.063+0.003

35.502+0.002

5.41+0.00 28.04+0023
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Table 2 - The effect of adding quinoa flour on the general characteristics of produced sausages

Treatment  Quinoa  Oil(%) Wheat Time  Ash(%) Moisture(%) Fat(%) Acidity(%) Cooking Anti- L* a* b* Sensory Hardness
Flour(%) Flour(%)  (days) Loss(%)  oxidant(%) properties
appearance  color odor texture  flavor
1 5 10.15 2 15 341 57.28 21.09 0.195 3.805 22.09 7271 111 2442 4 4 4 4.25 3 2.90
2 5 10.15 2 15 3.49 57.272 2117 0.219 3.8 22.80 7261 096 23.68 4.25 3 3.25 4 3.25 2.78
3 0 15.3 0 29 2.52 55.14 17.48 0.277 4.352 11.34 7780 123 1921 3.75 4.25 3 3.75 3 3.37
4 10 15.3 0 29 3.24 57.49 25.82 0.186 4.388 26.64 69.81 208 2471 3 4 3 3 3.75 3.77
5 0 15.3 4 29 2.85 56.752 20.812 0.357 4.147 13.27 76.05 034 2057 3.25 3.75 4.75 2.75 4 3.49
6 0 5 0 1 2.49 54.97 17.01 0.365 4.59 10.65 69.75 0.83 14.88 4 3 3 4 3 2.79
7 10 5 4 1 3.92 57.88 24.98 0.234 3.328 225 60.27 184 17.99 4 5 3 3 2 3.34
8 5 10.15 2 15 3.39 57.27 21.195 0.184 3.791 22.42 7361 061 2323 5 4 4 4.25 4 2.78
9 0 5 0 29 2.73 55.423 11.546 0.496 4527 10.98 7196 154 19.16 4.25 3 4 3 4 2.75
10 10 153 4 1 3.68 57.572 26.18 0.175 3.852 26.76 70.21 -0.37 16.65 3 3 2 2 3 2.21
11 10 15.3 0 1 3.40 57.74 25.98 0.223 4.015 24.38 65.74 -1.64 16.66 3 4 5 4 4 3.25
12 0 5 4 1 2.70 57.01 12.18 0.468 4.654 13.433 61.34 0.77 1838 4 4 3 3 2 3.53
13 0 153 4 1 2.79 56.98 19.98 0.241 3.836 12.61 66.63 -1.31 15.63 3 2 3 2 4 2.03
14 10 5 4 29 3.75 57.66 24.58 0.215 4.506 26.16 67.04 184 2478 3.25 2 3.2 2.75 4 3.20
15 10 5 0 29 3.08 57.084 22.012 0.24 4.082 26.00 55.73 198 19.21 3 3 2 3 3 4.77
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(adjusted for curvature)
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Actual Factors
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D: Ditime(days) = 15
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C: C:Flour(%)

A: A:Quinoa(%)
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Figure 1- Interaction of Quinoa and Flour on the amount of sausage ash
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Moisture
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Figure 2- Interaction of Quinoa and Flour on Sausage Moisture



Voo o /Y ojlous ¥V als / plie mlio sla yighy d i

9 LJL{)‘ c‘_?dLD)% ay

Lol ged 5 pladl 5u2 Con slassal woay Jibs
B0 s 03 (YWY OIS 5 sl ) il o
Ko 6l o Oloze oot (S5 su 1S )T
586 el gt 1A uyT Ve 5 IV L sad
Lysre ol 0See S (202 slsine 52 1538 a3
< wnl 1S 05T Ho pon 5 0Rs 6lsiae Ol @
S S oY smne Ho GEg, Slde LIS G sake
SAB NN 55 5 58) Ssadipo 5y 5 iy dls b o

(YN I,Kan 5 sal Y- VO

Design-Expert® Software
Factor Coding: Actual 15.3

Fat
(adjusted for curvature)

11546 I 26.184

) 13.24
X1 = A A:\Quinoa(%)
X2 = B: B:Qil(%)
Actual Factors
C: C:Flour(%) = 2
D: Ditime(days) = 15
11.18
S
o
o
e}
9.12
7.06
5

2 Ol
sad syl ¥ OUSE Lo poa Ol uSeslul ml
IS 5 GRuy O OiSen 5 aasee OLES 4S ol
Ofo0 Ul Ko L0 S oo o ol loane
9 whiee Ol pon JAS e GRIGIL el
wor O Ofuo ol b e ol Hlobas
L PoolSle s as5e 5o (a5 oo -mbee Ol 3

29 203 Ol Sl (B8 eud 5133 () AS 3]

bl BB 5ok o 1S 3T gols Sk

o ol €l anf 55T gl So8L ) SR
Fat

4 6 8 10

A: A:Quinoa(%)

Lo g (352 01530 12 (59, 91938 Jallie il - ¥ sl
Figure 3 - Interaction of Quinoa and Oil on Sausage Fat
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Figure 4 - Interaction of Quinoa and Flour on the acidity of sausages (A), Interaction of Quinoa and Time on the
acidity of sausages (B) and Interaction of Quinoa and Oil on the acidity of sausages (C)
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Figure 6 -The effect of adding different amounts of quinoa on DPPH free radical antioxidant activity
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Figure 7 - Interaction of Quinoa and Oil on Sausage Lighting (A), Interaction of Quinoa and Flour on Sausage

Lighting (B)
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Table 3 - Calculated values for optimum production properties of low-fat sausages by adding quinoa flour

Total Moisture Fat Acidity Cooking Antio- (L*) (b*) (a*) Hardness Ash
Sensory Loss xidant
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Figure 11 - The utility of various factors calculated for optimal sausage using RSM scheme
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Introduction: Today, Excessive consumption of fatty foods, especially high-fat meat products, has
increased obesity, hypercholesterolemia, cardiovascular disease, or cancer (Fernandez-Diez et al.,
2015). Therefore, studies have been conducted to produce low-fat diet products (Aryana and
McGrew, 2007). Quinoa belongs to the Chenopodiaceae family, the genus Chenopodium, a high-
nutritional starchy seed that contains nutrients and can be used in the production of meat products
(Fernandez Diaz et al. 2015). Quinoa contains a lot of phenols compared to all grains and pseudo
cereals. The most abundant of which are folic acid and quercetin (Tang et al. 2015). Quinoa's
antioxidant activity is associated with vitamin E content and phenolic compounds. Tocopherols
(vitamin E) are fat-soluble antioxidants found in the chloroplast membrane. They interact with
unsaturated acyl lipid groups and stabilize the membrane and release different types of reactive
oxygen (Sadler 2004). Despite of proving the nutritional effects of quinoa, its effect on promoting
the nutritional value of various products, including meat products, has not been investigated. Due to
the disadvantages of the fat used in meat products and the antioxidant effects of quinoa seeds,
quinoa flour was used in this study as an alternative to part of the oil in sausage formulations and
the physicochemical properties of the produced sausages were investigated.

Material and methods: 15 sausage samples containing different amounts of flour (4-0%), oil (5-
15.3%) and quinoa (10-0%) were produced. Formulations include chicken (55%) and other
ingredients including ice powder (15.87%), fresh garlic (1%), salt (0.9%), sugar (0.7%),
polyphosphate (0.3%) was carrageenan utah (1%), whey powder (2%), starch (3%), nitrite (0.1%),
ascorbic acid (1.25%) and spices (1%). The meat was minced with garlic in a meat grinder and then
ground in an electric mill with salt and polyphosphate for 2 minutes. The meat dough was then
mixed in a food processor with carrageenan, sugar, water powder, starch, flour and quinoa for a few
minutes. Then ice and half the oil were added and mixed again. After the dough was homogeneous
when the ingredients became sticky, the other half of the oil and spice mixture was added. Finally,
the mixture was filled with filler in the coating and cooked by Ben Marie method for 80 minutes at
80 °C. In the end, the cooked sausages were placed under cold water for a few minutes to heat
shock and then stored in the refrigerator at 4°C until the experiments were performed. Then
physicochemical properties (moisture retention, fat absorption, cooking loss, antioxidant capacity
and ash content), color, texture hardness and sensory evaluation during 30 days storage at 4°C were
studied. To evaluate and model the influence of the factors studied on the qualitative and
quantitative indices, the RSM response method was used to Behnken-Box design.

Results and discussion: Measuring ash showed that the percentage of ash increased with
increasing quinoa content. Quinoa as a pseudocereal is more than just a good source of minerals,
including calcium, magnesium, iron, zinc, phosphorus, fiber and vitamin B. It is also a good source
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of vitamin E, thiamine, folic acid, and vitamin C (Valencia Chamorro 2003). The reason that quinoa
increases the amount of ash in sausages compared to flour is due to the increase in these minerals
and vitamins in its structure. The results of measuring the moisture content showed that by
increasing the quinoa, the moisture increased. Moisture also increases with an increased amount of
flour (p<0.05). In a study of pasta containing quinoa flour, the retention of moisture was higher than
that made from wheat flour, which is due to the presence of various hydrophilic compounds such as
polysaccharides and proteins in quinoa (Lorusso et al. 2017). In another study on the replacement of
fat with quinoa in dry sausages, it was reported that the average moisture content in the control
sausages was lower than the samples containing quinoa as a fat replacer (Fernandez Diaz et al.
2015). The results also show that the interaction between oil, quinoa, and time is significant. In the
study of the effect of quinoa flour on burgers, the highest fat content for burgers prepared with 7%
and 10% of quinoa flour was determined. The effect of adding quinoa on fat content may be related
to the storage of oil in quinoa flour, which leads to more storage of oil in meat products during the
cooking process (Ho and Yu 2015; Taloker 2015; Liu et al. 2015). On the other hand, in low quinoa
values, by increasing flour content, the increase in acidity is high. A study of frankfurter sausage
samples made with tilapia fillets containing 20 grams of quinoa flour, showed that these sausages
had a significantly higher pH compared to control sausages with a pH of 5.6, resulting in decreased
acidity in these sausages (Zapata et al. 2016). Also, quinoa prevents cooking loss. A study of
quinoa-rich bread found that the lowest bread crumbs were found to be related to those with the
highest amount of quinoa flour and the lowest wasted to those with the least amount of quinoa
flour, which could be due to more water absorption during preparation. The dough has a high water
holding capacity in hydrochloride and reduces water evaporation during cooking or in other words,
increases the final moisture in the samples containing quinoa (Pour Mohammadi et al., 2009). In
this study, DPPH was used to investigate the antioxidant capacity of quinoa flour during sausage
storage. Statistically, among the factors influencing the antioxidant activity of sausages, quinoa
flour was significant at a probability level of P <0.05. Thus, by increasing quinoa, the antioxidant
properties of sausages increased. A similar result was reported in another study, which found that
adding rice bran to sausages made from goat meat increased its antioxidant activity (Malekian
2014). Adding quinoa flour, which has a dark color, will certainly darken the product. The increase
in quinoa over time leads to an increase in redness in sausages. As quinoa increases, so does the
yellowness of sausages. The analysis of variance of the response surface model for tissue hardness
showed that the model is not significant and quinoa has no effect on the hardness of sausages. The
only effective parameter is the time which as it goes by the hardness of the sausages increases.
Finally, taking into account the desirability conditions, the optimal sausage was obtained with the
values of 5.268% quinoa, 5% oil, and 1.857% flour and the best storage time was 29 days. The
degree of desirability indicates the degree of attainment of the goal for the production of the optimal
sausage. In the optimal sausage, the desired degree was as follows: ash 0.56, fat 0.49, acidity 0.62,
moisture 0.63 and antioxidant power 0.52.

Conclusion: The results of this study showed that quinoa flour increased the antioxidant capacity in
the produced samples and due to the presence of various hydrophilic compounds such as
polysaccharides and protein in quinoa flour, the moisture content of sausages increased. Quinoa
flour also reduced the amount of lightness (L*), increased the amount of redness (a*), and also
increased the amount of yellowness (b*) due to its carotenoid compounds. On the other hand, due to
the presence of unsaturated fatty acids and phospholipids in quinoa flour, the fat of sausages
increased. But quinoa did not have a significant effect on the hardness of sausages. In general,
quinoa flour increases the overall acceptance of sausages and satisfies consumers.
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