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functional quails eggs using enriched spirulina during the biosorption process

Abstract

Spirulina platensis was included at 2.5, 5 and 7.5% of the diet as a phytobiotic either as a
crude preparation or after enrichment by a biosorption process and fed to 126 Japanese quail
and the eggs collected and examined for 6 weeks. Assessments were made of physical and
chemical characteristics of the eggs. All treatments with added spirulina increased
unsaturated fatty acids and decreased saturated fatty acids with the largest responses for
linolenic (omega 3) and oleic (omega 9) acids. The changes in fatty acids were greater with
enriched than crude spirulina. These results suggest that eggs from quail fed with spirulina

may have positive effects on human health.

Keywords: functional foods, enrichment, omega 3, Spirulina platensis, quail eggs

1. Introduction

Functional foods are consumed as part of a regular diet and in addition to their nutritional
efficiency, they have beneficial physiological effects or reduce the risk of chronic diseases
(Adefegha, 2018; Ovando et al., 2018). Microalgae are one of the most interesting sources of
functional foods (Benelhadj et al., 2016; Priyadarshani and Rath, 2012). Arthrospira
(spirulina) are microscopic filamentous prokaryotes (Vaz et al., 2016). Until a few years ago,
fish oil was the only major source of polyunsaturated fatty acids. But now spirulina platensis
oil, which contains significant amounts of polyunsaturated fatty acids, is also one of the main
sources of these fatty acids. Algae can produce polyunsaturated fatty acids, such as
docosahexaenoic acid, eicosapentaenoic acid, arachidonic acid, and gamma-linoleic acid.
Numerous studies have confirmed that spirulina is cholesterol-free and rich in
polyunsaturated fatty acids (especially gamma-linolenic acid) and this makes spirulina

suitable for the treatment and prevention of atherosclerosis, obesity and high blood pressure.
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Due to the direct effects of gamma-linolenic acid on the immune system and use in the
treatment of many diseases, there has been a great interest in producing high concentrations
of gamma-linoleic acid (Andrade, 2018). Numerous studies have been done on the
enrichment of quail feed with the use of Spirulina platensis (Boiago et al., 2019), lycopene
(Sahin et al., 2008), fish oil (Kamely et al., 2016), vegetation such as Liquor ice (Dogan et al.,
2018), and rice bran (Gopinger et al., 2016), to enrich its eggs (Wang et al., 2007). One of the
side effects of using antibiotics is the formation of antibiotic resistance. This has created a
crisis in human health treatment and highlighted the need for a new generation of antibiotics.
The use of foods and supplements that naturally contain antimicrobial compounds has
reduced the use of antibiotics by animals and their negative impact on consumers.
Phytobiotics are a viable alternative and. Spirulina platensis supplements have given good
results in aquaculture, poultry feeding, and agriculture (Belay et al., 1996).

Quail eggs are a good source of nutrients for human health, with marked advantages over
chicken eggs (Jeke et al., 2018). The body is not able to naturally make essential fatty acids
and they must be received through the diet, Accordingly, the aim of this study was to
investigate the effect of the addition of fortified Spirulina platensis on the amount of essential
fatty acids, especially omega 3, in quail eggs as this could provide, a functional and practical
food for the diet of today's societies.

2. Materials and methods

2.1. Biosorption in Spirulina platensis alga

Spirulina platensis was enriched with iron and zinc by growing in a medium with added
minerals. Samples were taken during the first (M1=at the beginning of the maximum
progressive growth phase, after 7 days of initial cultivation, minerals 5 hours before harvest
added to Spirulina platensis algae) and the second phases (M2=The cultivate algae after
entering the logarithmic phase. In both methods EDTA-FeNa.3H20, ferric citrate,
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ZnS0O4.7H20, and CuSO4.5H20 were added at the rates of 13 mg/L, 0.0396.0 mg/L, 0.5994

mg/L, and 0.1998 mg/L respectively (Montazeri Shahtoori, 2015).

2.2. Analysis of absorption in Spirulina platensis

To evaluate the iron and zinc absorption in algal samples, the ICP-OES simultaneous Arcos
EOP model was used. First, each treatment was digested and prepared separately (Sinaei et
al., 2018). For this purpose, 1 g of the sample was digested with nitric acid and oxygenated
water in the microwave for two 10 minute steps at 200°C and 800 W power and the sample
was finally injected into the device. To improve the accuracy of the test, the blank sample

(containing nitric acid and oxygenated water without the original sample) was also injected
into the device and finally, the concentration of heavy metals and elements was calculated

using the following equation:

M(ug/g) = (CxV)/W

Where M is the final concentration of the elements and heavy metals of the sample in ug/g, C
is the concentration obtained from the device in pg/l, V is the final sample volume in |

(0.025), W the primary sample weight for acid digestion in (g) (modified Saeid et al., 2013a).

2.3. Feed, Animals, Housing and Sampling

Crude Spirulina platensis and Spirulina platensis enriched by biosorption were each added to
the base feed (2.5%, 5% and 5.7%) and fed to 126 female Japanese quails. There were three
replicates of each of the seven treatments, with six chicks per experimental unit. All chicks
were eared on the same environmental conditions (Foad, 2017). Experimental diets based on
corn and soybean meal were adjusted for growth period and laying period (Table 1) (Hajati
and Zaghari, 2019). During the experiment, the quails had free access to water and food and
the rations were flour. Lighting was 24 hours until 35 days, this was then reduced to 22 hours

with 2 hours of darkness and 1 hour was then added every night until it reached 8 hours
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darkness and 16 hours lighting. Laying ails started from 47 days. The eggs were collected

during the 3 periods of 15 days.

2.4. Analysis of fatty acids

Egg samples were collected at the end of the last period for measurement of fatty acids.
Extraction of yolk oil: The quail egg yolk was stored at -20°C and then dried in a Christ-
freezing dryer model at -80°C for 24 hours at 0.0026 m bar. Hexane was added and it was
kept in the refrigerator for 24 hours. Samples were centrifuged at around 5000 g at 4°C and
then filtered through filter paper under vacuum condition, then the Extracted oil was
methylated. Fatty acid methyl ester preparation: To methylate the samples, toluene and 0.5
sodium methoxide were added to the extracted oil. It was put in a water bath at 50°C for half
an hour. Glacial acetic acid and distilled water were used to neutralize the alkali, then hexane
was added to the test tube and the contents of the tube were mixed by Vortex. The tube was
kept static for a few minutes and two phases formed. The lower phase contains water and the
upper phase contains hexane and fatty acid methyl ester. This step was repeated. Anhydrous
sodium sulfate was used for dehydration. After filtration with Whatman 41 filter paper, the
samples were placed under the hood in a water bath at 70°C to reach a volume of 1-2 ml.
Samples were injected into a gas chromatography device (GC), model Shimadzu (Wang et al.,
2000). During this experiment, the type of column was WAX with FID detector, injection
and detector temperature was 240°C, Oven program temperature started on 60°C for 2
minutes and increased to 200°C at 10°C/min. It was kept at this temperature for 1 minute and
then the temperature was increased until 230°C at 5°C/min and kept there for 15 minutes

(Jafari et al., 2014).

2.5. Analysis of egg quality parameters
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Egg samples were collected randomly for evaluation of qualitative parameters during the 3

periods of 15 days.
2.5.1. Metric Parameters

Egg Weight Parameters (EW), Shape Index (SI), Egg Volume (EV), EggShell Surface (SSA),
albumen Index (Al), Hough Unit (HU), Internal Quality Unit (IQU) and Yolk index (YI)
were measured on the short and long axies of the eggs using a digital caliper. Yolk and
albumen diameters were measured after breaking the eggs on a smooth glass surface using a

digital caliper. Yolk and albumin elevation were also measured using a standing caliper.

2.5.1.1 The shape index (SI) was calculated as ST = d /D x 100 with d and D representing the
short axis and the long axis, respectively.

2.5.1.2 The egg volume (EV) was calculated as EV = 4/3 xm x (D/2) x (d/2)% in which D =
long egg axis, d = short egg axis and © = 3.14159.

2.5.1.3 Eggshell surface (SSA) was calculated as SSA4 = 4.835 x EW %%%%the equation below
where EW = egg weight.

2.5.1.4 The Albumen Index (Al) was calculated as AI = h/(0.5 x (D + d)) with h = height of
concentrated albumen at the junction with yolk, D and d, are the long and short diameters of
albumen, respectively

2.5.1.5 The Hough unit (HU) was calculated as HU = 100 x log(h+ 7+57 — 17 x EW°37)

with h = height of concentrated albumen at the junction with yolk and EW was = egg weight.

2516 The internal quality of the egg (IQU) was calculated as

IQU =100 x log(h +4-18 —0-89897 x EW “°*”*) jith h = height of concentrated albumen

at the junction with yolk and EW = egg weight.

2.5.1.7 Yolk quality was calculated by the Yolk index (Y1) as YI = h/D

with h = yolk height and D = yolk diameter (Zita et al., 2013).
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2.5.2. Eggshell strength and eggshell thickness

Eggshell strength parameters (ESS) and eggshell thickness (EST) were determined using egg
multi tester model EMT-5200. For this purpose, Device Egg Shell Force Gauge Model-2 was
used to measure the strength and Echo meter, 1061 (D-56 Wuppertal 1) was used to measure

thickness (Abdanan Mehdizadeh et al., 2014).

2.5.3. Yolk color

In order to evaluate the yolk color (YC) and to ensure the accuracy of the test, Assessments
were made in all periods using the Roche color fan (0-15 degrees) (Ludke et al., 2018). In
addition for eggs from the final 15-day period an assessment was made by Hunter Lab using

Ultra scan VIS model (Carson et al., 1994).

2.6. Measuring the egg albumen pH

For this purpose, samples were collected in each of the three periods to measure the pH, the
yolk was first separated from albumen, homogenized and measured with the pH meter of the

NACI model (Dogan et al., 2018).

2.7. Measurement of moisture content

Egg samples from each of the three periods were weighed before and after the oven drying at

60°C for72 h and moisture content of the samples was calculated (Gopinger et al., 2016).

2.8. Analysis of mineral absorption

Iron and zinc contents were analyzed in eggs from the final period and in algal samples.

2.9. statistical analysis

A two-way analysis of variance was carried out using SPSS software version 22. The

differences between the means of different treatments and time periods were considered
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significant at the 5% probability level. The data were normalized, before being tested

statistically. Excel was used to draw charts.

3. Results and discussion

3.1. Absorption in Spirulina platensis

The amount of iron and zinc in the algae enriched in two ways, during the logarithmic phase

(M2) and the maximum stationary phases (M1) shows in (Fig. 1).

The amount of iron and zinc in the three groups differed significantly (p<0.05). These results
indicate that the most suitable method for increasing iron and zinc contents in Spirulina
platensis algae is biosorption (method M2), with the increases being particularly large for
zinc According to the results of Saeid et al. (2013a), the best method for enriching Spirulina

platensis is bioremediation, which is consistent with the results of this study.

3.2. Enrichment of eggs with enriched and crude spirulina

3.2.1. egg yolk fatty acids

The peak of fatty acids from gas chromatography of quail eggs fed with enriched, raw, and

controlled algae shows in (Fig. 2).

Statistical results showed a significant difference (p<0.05) in saturated fatty acids (palmitic
acid and stearic acid) and unsaturated fatty acids (oleic acid and linolenic acid) between
treatments compared to the control group. In general consumption of crude and enriched
Spirulina platensis (M2) showed a significant difference (p<0.05) in the amount of saturated
fatty acids (palmitic and stearic acid) and polyunsaturated fatty acids (oleic and linolenic
acid) relative to the control group. According to these results both crude and enriched
Spirulina platensis were effective in reducing the saturated fatty acids of palmitic acid and

stearic acid. The treatments 7.5 enrich, 2.5 enrich and 7.5 crude had the largest reduction
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compared to the control group for palmitic acid. However, the treatments crude 2.5 and
enrich 5 did not show a significant decrease in palmitic acid compared to the control group,
indicating a decrease in palmitic acid in more than 66% of the enrich and 33% of crude
treatments, respectively. The results showed that stearic acid showed a significant decrease in
all treatments, especially enriched treatments. The effect of feeding crude and enriched
Spirulina platensis (M2) on unsaturated fatty acids of oleic acid and linolenic acid was also
significant, although 66% of treatments showed no increase in oleic acid content compared to
control group, the amount of oleic acid in the enriched treatments 7.5 and 2.5 showed a
significant increase compared to the control group. Also, linolenic acid showed the highest
increase only in the crude treatment 5 compared to the control group. Due to reduced palmitic
and stearic fatty acids and increased, oleic and linolenic fatty acids when Spirulina platensis,
especially in the enriched form, one would expect reductions in LDL (lower-density
lipoprotein) and the risk of cardiovascular disease and stroke. According to the results,
consumption of Spirulina platensis did not show a significant effect on the amount of linoleic
acid in the treated yolk compared to the control group. Boiago et al. (2019) reported that
consumption of Spirulina platensis at levels (0%, 5%, 10%, and 15%) for 42 days (2 21-day
cycles) in quail feed, reduced saturated fatty acids and increased monounsaturated fatty acids
while it decreased polyunsaturated fatty acids. Foad (2017) reported that consumption of
Spirulina platensis at 1% level in Japanese quail feed reduced free fatty acids, also use of
Spirulina platensis at levels (2.5, 5, and 7.5 (%wt)) for 12 weeks in rainbow trout feed

increased some acid levels (Jafari et al., 2014).

3.2.2. Metric parameters of eggs

The results of (Table 2) shows that Spirulina platensis (M2) Had a significant effect on egg
quality parameters as assessed during the final period (EW, IQU, SI, EV, SSA, Al and YI)
(p<0.05). So that in EW, EV and SSA parameters, 33.3% of treatments, shape index of 50%
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of treatments (especially enrich treatments), IQU 83.3% of treatments (especially enrich
treatments) and albumen and yolk indices The effects of Spirulina platensis (M2) on egg
quality parameters in samples taken in each of the three periods is shown in (Fig. 3) the
parameters (IQU, SSA, and EW) showed significant differences (p<0.05) between the three
periods , so that all three parameters in the second period of the first period and in the third
period It was longer than the first and second periods. There were significant differences
(p<0.05) between periods in the HU showing decrease in albumen quality in the control
group and better quality retention in egg albumen with addition of either crude or enriched
Spirulina platensis (M2) and crude compared with the control group. Dogan et al. (2016)
reported that feeding 0.5%, 1%, 2% of Spirulina platensis to quail for 8 weeks significantly
increased albumen and yolk indices (P<0.05) and had a non-significant effect on HU (These
results are in line with the results of this study. The present study showed that consumption of
crude and enriched Spirulina platensis had a significant effect on egg shape and weight index
compared to the control group, while the results of Dogan et al. (2016) showed a significant
effect (p<0.05) on egg production, but did not assess egg shape and weight index. In the
present study, it was shown that consumption of crude and enriched Spirulina platensis had a
significant effect on EW, SI and SSA in comparison to the control group, whereas Hajati and
Zaghari (2019) found that consuming Spirulina platensis at levels of 2.5, 5, 10 and 20 g/kg
diet for 1 to 35 days and at levels of 1, 3 and, 5 g/kg diet for up to 12 weeks gave decreases in

these parameters

3.2.3. Yolk color

The results of the effect of Spirulina platensis on YC evaluated by Roche color fan showed a
significant (p<0.05) effect between treatments (Fig. 4). All treatments, especially with
enriched spirulina, showed a significant difference from the control group. Also, the
evaluation of yolk color by Hunter lab showed a significant (p<0.05) effect of enriched

10
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Spirulina platensis on Lightness index (L*) and redness index (a*). With crude spirulina, (a*)
increased and (L*) decreased. The highest redness was observed in the enriched 7.5 treatment
and the highest transparency in the control group. This could be due to the presence of more
iron in the enriched treatments and presence of pectin in spirulina. The yellowness index (b*)
did not show a significant difference (p>0.05) among the treatments, but the control group
had a numerically higher (b*) than the other treatments. Hajati and Zaghari (2019) indicate an
increase in yolk color, which is consistent with the results of this study. The results of yolk
colorimetry are also consistent with the reports of (Omri et al., 2019), in which Spirulina

platensis was fed at 1.5 and 2.5% to 44-week-old chickens.

3.2.4. Egg moisture and albumen pH

The effects of Spirulina platensis on egg moisture and albumen pH are shown in (Table 3).

Statistical results indicated that there were no significant differences between the three
periods in egg moisture content (p>0.05). However, the moisture content for the crude 5
treatments was significantly lower than that for all other treatments (p>0.05). Evaluation of
albumen pH of samples showed no significant (p>0.05) statistical differences between
treatments or periods, but there was a significant interaction between treatment in three
periods (p<0.05), The lowest pH was for the 2.5% enriched sample in the first period and the

highest pH for the control group in the third period.

3.2.5. Absorption of minerals in quail eggs

The effect of enriched and crude Spirulina platensis on iron and zinc contents of eggs are

shown in (Fig. 5).

Eggs of quail fed enriched or crude algae generally showed higher iron and zinc contents than
those from the control group, but there were some inconsistencies in the results and further

research is required. The results do, however, indicate that enriched quail eggs could be a

11



249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

suitable food to ameliorate iron and zinc deficiency diseases in humans. Iron depletion in the
7.5% enriched treatment and higher absorption of this element in the crude treatment could
be due to the antagonistic effect of iron with copper, iron with zinc or result from using an
inappropriate source of the elements (they were supplied in inorganic form) with The results
of Saeid et al. (2013b) study also indicate antagonistic effects of zinc with copper, zinc with
iron, or inappropriate complement form when copper-enriched spirulina was used in pig feed,
A 2.5% enriched treatment gave increases in the absorption of iron, copper, chromium,

selenium, manganese, but reduction in zinc

4. Conclusion

Due to the role of essential fatty acids in the improvement and prevention of cardiovascular
disease and bad cholesterol (LDL), the aim in this study was to produce a product enriched
with essential fatty acids, especially omega-3. By including Spirulina platensis in the diet we
succeeded in producing quail eggs with 23% more linolenic acid (omega 3) than with the
control group. The content of oleic acid was increased by 7.1%, whilst contents of palmitic
and stearic saturated fatty acids were decreased significantly by 6.8% and 7.2%, respectively.
This indicates considerable potential for the use of spirulina to produce quail eggs with

improved quality in relation to human health.
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358  Table 1. Basic Feed Components (Hajati and Zaghari, 2019)

Type Growth period* Laying period**
Value based on (grams/kg feed) Value based on (grams/kg feed)
Corn 30 35
Soy 23 19
Qil 10 7
Phosphate 10 16
Carbonate 10 50
Mineral supplement 1 15
Vitamin supplements 1 15
Methionine 1 15
Lysine 0.5 0.6
Threonine 0.1 0.6
Acid fire - 0.6
Anti-coccidiosis 0.1 -
Salt 1 15

*0-35 days old ** 35 days old- end of the period
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383 Fig. 2. Chromatographs obtained by gas chromatographic analysis of quail egg yolk samples, 1) with 2.5% of
384  enriched Spirulina platensis, 2) with 5% of enriched Spirulina platensis, 3) with 7.5% of enriched Spirulina
385 platensis, 4) with 2.5% of crude Spirulina platensis, 5) with 5% of crude Spirulina platensis, 6) with 7.5% of

386  crude Spirulina platensis, 7) Control.
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Parameter
Egg weight ()
Shell thickness

(mm)
Shell strength
(Kg / cm?)
Shape index
(mm)

Egg volume
(cm®)
Eggshell surface
(cm?)
Albumen index

Hough unit
Internal quality
unit
Yolk index

405
406

407
408

409

410

411

412

413

414

415

416

417

crude 2.5%

11.09+0.9%

22.52+1.62

1.10+0.15%

78.32+2.18¢2

10.61+0.982

23.76£1.3%

0.1206+0.017

91.65+2.892

65.36+5.8"

0.4644+0.02%¢

crude 5%

11.13+0.48%

23.25+1.42

1.24+0.342

77.95+1.742

11.12+0.62

23.82+0.69%

0.1249+0.003 @
89.11+2.892

60.73+1.86%

0.4798+0.009%

crude 7.5%

12.85+1.9°

23.52+1.48

1.37+0.222

82.15+2.74°

14.47+1.4°

26.15£2.7°

0.1186+0.01°

89.33+2.892

58.35+7.012

0.4590+0.01%

21

enrich 2.5%

10.80+2.022

23.02+1.72

1.09+0.42

80.30+2.5%

10.96+1.22

23.27+2.97

0.1267+0.01°

91.84+2.82

65.95+6.6°

0.4877+0.03¢

inconsistent letters indicate the significance of the samples with each other.

enrich 5%

12.78+1.8%

23.00+1.52

1.12+0.412

78.65+2.112

13.13+0.88°

26.06+2.5°

0.1203+0.01°
90.62+2.812

61.18+5.89%

0.4669+0.022¢

Table 2. Effect of Spirulina platensis on the qualitative parameters of eggs collected in the first period

enrich 7.5%

11.42+1.78%¢

22.58+0.72

1.19+0.142

80.29+0.96%

11.19+0.52

24.18+2.4%

0.1413+0.02°
91.55+3.822

64.62+7.75%

0.4441+0.01°

The same name letters above the numbers of each sample indicate no significant differences between the samples and the

control

11.75+1.6 ¢

22.55+1.52

1.12+0.392

79.52+2.52

12.74+1.05°

24.6612.2%

0.1184+0.012
89.46+2.892

59.80+6%

.4421+0.032
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Fig. 3. Quality parameters of eggs during the three periods. IQU= Internal quality unit, HU= Hough unit, SSA=

Eggshell surface, EV= Egg volume, Sl= Shape index, EW= Egg weight, YC= Yolk color, Al= Albumen index.
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444

Table 3. Changes in moisture factors and pH of eggs

Parameter

15day time period*

treatments

Moisture

pH

First period  second period third period crude 2.5%  crude 5%

crude 7.5%

enrich 2.5%

enrich 5%

enrich 7.5%

control

70.19+ 70.36x 70.64+ 70.09+ 68.53+

1.972 2.602 1.202 1.95° 2.212

0.9193+ 0.9203+ 0.9213% 0.922+ 0.9214+

0.0782 0.0042 0.0052 0.0022 0.0022

71.02+

1.5°

0.9196%

0.006%

70.48+

0.78°

0.9166+

0.0112

71.24+

2.9°

0.9208+

0.003?

70.84+

1.22°

0.919+

0.006%

70.59+

1.11°

0.9225

+0.0022

445
446

447

448

449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

The same name letters above the numbers of each sample indicate no significant differences between the samples and the

inconsistent letters indicate the significance of the samples with each other.
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466

467  Fig. 5. The amount of iron and zinc in eggs of quail fed with Spirulina platensis
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