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Abstract

This study aimed to compare the zinc (Zn) nanoparticles obtained from plant extracts

with different zinc sources and to reveal the effects of different Zn sources on

growth performance, egg quality traits and blood serum parameters of laying quail.

Treatment groups as follows: control and 3 and 6 mg/kg inorganic, organic, and plant

extract-derived nano-Zn particles to quail diet supplementation. Animals were fed on

experimental diets for 6 weeks. Different Zn sources supplemented into quail diets

did not significantly affect live weights (P > 0.05). On the other hand, different Zn

sources increased egg yields (P < 0.05). Plant extract-derived nano-Zn supplementa-

tions into quail diets increased feed consumption, feed conversion ratio, and egg

weights (P < 0.05). However, 6 mg/kg plant extract-derived nano-Zn supplementa-

tions reduced egg weights. Different Zn sources did not have any significant effects

on egg yolk weight (g) and egg yolk color L*b* values (P > 0.05). For blood serum

parameters, 6 mg/kg plant extract-derived nano-Zn supplementations increased

blood serum AST, ALT, and Zn values (P < 0.05). No adverse effect was observed on

the measured values in laying Japanese quails. The findings suggest that plant

extract-derived nano-Zn particles could reliably be used in quail feeding.
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1 | INTRODUCTION

Zinc is an essential trace element for animals’ biochemical and cellular

functions. Zinc is a vital structural and functional integrity trace ele-

ment with over two thousand transcription factors. Zinc-containing

proteins play a critical role in the metabolic pathways of poultry spe-

cies (Cousins et al., 2006; Kucuk et al., 2008; Ulger & Fidan, 2021;

Ulger & Küçük, 2011). It is required for skeletal development, growth,

development of skin and other epithelial tissues, adequate resistance

to diseases (immunity), appetite, reproduction, and fulfillment of vari-

ous biochemical functions (including synthesis of metal-containing

enzymes, nucleic acids, and proteins and stabilization of membranes)

(McNaughton, 1991; Stahl et al., 1989; Underwood & Suttle, 1999).

Zinc storage in animal body is limited. Therefore, daily zinc

(Zn) supplementations should be made into animal diets (Bao

et al., 2009). In practice, zinc is added to poultry diets to meet the

needs of animals (Swain et al., 2015). Earlier studies indicated that

inorganic mineral salts generally had low bioavailability and retention

in broilers compared to organic-based salts (Mwangi et al., 2019;

Ulger et al., 2020; Yu et al., 2017). However, although they have

greater bioavailability than inorganic mineral salts, producers do not

prefer organic chelates as feed additives because they are costly and
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have low zinc content (Sahoo et al., 2014; Zhao et al., 2014). The

administration of organic minerals results in greater zinc excretion

from the animals, and such a case raises concerns about environmen-

tal pollution.

Researchers have recently tried to eliminate nutrient deficiencies

in mixed rations of poultry (Ulger, 2019; Ay et al., 2023; Ekizo�glu

et al., 2020; Ulger et al., 2023). Deficiencies are primarily encountered

in minerals. Minerals play a significant role in vital functions and signif-

icantly increase animal performance. Minerals continuously interact

with each other, and mineral deficiencies bring about serious health

problems (Swain et al., 2015; Ecevit & Olgun, 2019; Ulger &

Fidan, 2021; Ulger et al., 2019, 2020). Therefore, it is essential to have

enough minerals in animal diets. Organic minerals are more biologi-

cally favorable and efficient in poultry nutrition than inorganic min-

erals (Ulger & Fidan, 2021; Ulger & Küçük, 2011). Using minerals at

lower rates without adverse effects on animal performance also

reduces production costs.

Instead of inorganic minerals, organic mineral sources are com-

monly used in poultry diets for active use of mineral supplementa-

tions. Today, studies on nano-minerals have attracted significant

attention as alternative mineral sources due to their high availability

as feed additives (Tatlı et al., 2019).

In this study, zinc nanoparticles obtained from plant extracts were

compared with different zinc sources and their effects on live weight

change, feed consumption, feed conversion ratio (FCR), egg weight,

yolk weight, egg yolk color (L*a*b*), and blood parameters of laying

quail were determined.

2 | MATERIAL AND METHOD

2.1 | Animal material

Experiment were conducted at the Quail Breeding Unit of Erciyes

University. The animals to be used were obtained from the same

breeding unit. In the present experiments, 175 quail at 8 weeks old

were used as animal material. Before the experiments, animals were

subjected to a 14-day pre-adaptation diet.

2.2 | Treatment groups

Animals were weighed at the beginning of experiments and distrib-

uted to experimental groups homogeneously with a minimum differ-

ence in live weights. Each cage had five quail, and each treatment

group comprised 25 laying quail (5 replications � 5 cages) (Table 1).

The nutritional compositions of the feeds were at the levels specified

in feeding standards. Zinc was also supplemented into the compound

feed of the experimental groups. The zinc content of the concentrated

feed was also analyzed. All feeds were prepared isonitrogenically and

isocalorically. Inorganic, organic, and plant extract nano-zinc were

added to the mixed rations of the treatment groups at 3 and 6 mg/kg

levels, and animals were fed for 56 days. Commercial companies sup-

plied inorganic and organic zinc sources.

2.3 | Zn supplementation into animal feeds

As the animal material of the experiment, 175 Japanese quail (Coturnix

coturnix Japonica) at the age of 8 weeks were randomly divided into

seven experimental groups consisting of five replicates with five birds

each. During the laying period, quails were fed with mixed feeds pre-

pared according to the norms recommended by NRC (1994). Inor-

ganic, organic and plant extract nano-zinc was added to the mixed

feeds of the treatment groups at levels of 3 and 6 mg/kg and fed for

56 days. Necessary heating and lighting were provided throughout

the experiments, and feed and water were provided as desired.

2.4 | Feed analyses and preparation of mixed
rations

Dry matter, crude ash, crude oil, crude protein, and crude cellulose

analyses of the rations were determined following the Weende analy-

sis method, sugar analysis following Zoll’s rule, and starch analysis fol-

lowing the polarimetric method as specified in at the Feeds and

Animal Nutrition laboratories of Animal Science Department of

Erciyes University.

T AB L E 1 Treatments groups.

Groups Feed composition Number Total

1 Control group without Zn supplementation into the

rations

5 � 5 25

2 3 mg/kg inorganic Zn-supplemented group 5 � 5 25

3 6 mg/kg inorganic Zn-supplemented group 5 � 5 25

4 3 mg/kg organic Zn-supplemented group 5 � 5 25

5 6 mg/kg organic Zn-supplemented group 5 � 5 25

6 3 mg/kg plant-extract nano-Zn-supplemented group 5 � 5 25

7 6 mg/kg plant-extract nano-Zn-supplemented group 5 � 5 25

Total 175
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Metabolic energy (ME) values were calculated in accordance with

the WPSA method (Vogt et al., 1984).

ME kcal=kgð Þ¼ 3:69�%crude proteinþ8:18�%crude oilþ3:99ð
�%starchþ3:17�%sugarÞ�10

A basal ration was prepared (Table 2), and zinc levels were

determined. Then, the remaining zinc quantities were supplemented

into treatment groups specified in Table 1. Experimental rations

were prepared in the feed unit of the ERU Research and Application

Farm. Feed raw materials were weighed, ground in the required

quantities, and given to the mixer. Vitamin and mineral premixes

were given to the mixer as anticoccidial, DL-methionine, L-lysine,

limestone, dicalcium phosphate, and vitamin E, and then selenium

sources were added in the required quantities. Feed consumption

and egg yields were monitored daily, and FCR were calculated

(Table 3).

2.5 | Live weight and weight gains

Live weights of the animals were determined by weighing them using

precision scales (± 0.01 g) at the beginning and end of the experiment.

The subsequent weighing differences were calculated as live weight

gain (LWG).

2.6 | Feed consumption and FCR

The weekly feed consumption of each subgroup was measured by

subtracting the amount of feed remaining in feeders for six consecu-

tive weeks from the total amount of feed given to each subgroup at

the beginning of the same week. Weekly feed consumption was then

divided by the number of animals in each subgroup, and weekly feed

consumption was calculated as the average of subgroups and groups.

Feed consumption was divided by LWG between subsequent weigh-

ing to get the feed conversion ratio.

2.6.1 | Egg internal quality traits

Egg weight was determined in 75 eggs collected every 14 days from

each treatment group. Then, the egg yolk was separated from the

albumen, and the yolk weight was determined using a precise scale

(± 0.01 g). Color parameters of (L*, brightness; a*, redness; b*, yellow-

ness) were measured with a Minolta CR-400 (Minolta Co., Japan)

colorimeter.

2.7 | Serum biochemical parameters

On the 56th day of the experiments, during the slaughter of the

animals, blood samples were taken from 12 animals from each

experimental group, and samples were centrifuged to separate

the serums. Serums were kept in a deep freezer at �20�C until

analysis. Serum CAT, SOD, MDA, GSH-Px, total protein, total cho-

lesterol, HDL, LDL, and Zn levels were determined by using

commercial kits.

2.8 | Statistical analysis

Animals were placed into cages in randomized plots design. Statistical

analyses were conducted using SAS (1985) statistical analysis

T AB L E 2 Composition of concentrated feed to be used in present
experiments.

Feed materials %

Corn 52.21

Soybean meal 40.79

Corn gluten 3.09

Vegetable oil 1

Marble powder 1.20

Dicalcium phosphate 0.78

Lysin 0.05

Methionine 0.13

Vitamin–mineral premixa 0.50

Salt 0.25

aEach 2.5 kg of vitamin–mineral premix includes vitamin A 12,000,000 IU,

vitamin D3 2,400,000 IU, vitamin E 20,000 mg, vitamin K3 4000 mg,

vitamin B1 3000 mg, vitamin B2 7000 mg, niacin 25,000 mg, calcium D

pantothenate 10,000 mg, vitamin B6 5000 mg, vitamin B12 15 mg, D

biotin 75 mg, folic acid 1000 mg, choline chloride 125,000 mg, manganese

100,000 mg, iron 60,000 mg, zinc 60,000 mg, copper 5000 mg, cobalt

200 mg, and iodine 1000 mg.

T AB L E 3 Nutritional values of concentrated feed to be used in
present experiments.

Calculated nutrientsa Value

Metabolic energy, kcal/kg 2910

Dry matter, % 89.90

Crude protein, % 24.00

Calcium, % 0.80

Phosphorus, % 0.32

Sodium, % 0.12

Lysin, % 1.30

Methionine + cysteine, % 0.89

Note: Each 2.5 kg of vitamin–mineral mixture includes vitamin A,

12,500,000 IU; vitamin D3, 3,000,000 IU; vitamin E, 20,000 mg; vitamin

K3, 3000 mg; vitamin B1, 2.500 mg; vitamin B2, 7000 mg; vitamin B6,

5000 mg; vitamin B12, 20 mg; niacin, 20,000 mg; Cal-D-Pan, 15,000 mg;

folic acid, 1000 mg; biotin, 20 mg; vitamin C, 50,000 mg; choline chloride,

300,000 mg; manganese, 80,000 mg; iron, 70,000 mg; zinc, 50,000 mg;

copper, 6250 mg; iodine, 1250 mg; cobalt, 200 mg; selenium, 150 mg;

canthaxanthin, 0 mg; apo-carotenoicacidest., 0 mg; and lasolosid sodium,

90,000 mg.
aExcept for dry matter, values were calculated from NRC (1994) tables.

ÜLGER and MAHMOOD 3 of 10

 17400929, 2023, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/asj.13903 by E

rciyes U
niversity, W

iley O
nline L

ibrary on [19/12/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



software following randomized plots design. Significant means were

compared with the use of Duncan’s test. The significance level was

taken as 5% (P < 0.05) (SAS Institute, 1985).

3 | RESULTS

3.1 | Live weight and egg yield parameters

The average values for live weight (LW) are presented in Table 4. Zn

supplementations did not generate significant differences in the LWG

of the groups (P > 0.05). The highest change in LWG was seen in

3 mg/kg plant extract nano-Zn-supplemented groups, and the lowest

was in 6 mg/kg plant extract nano-Zn-supplemented groups (P < 0.05).

The highest egg yield (number and %) was obtained from 3 and 6 mg/kg

plant extract nano-Zn-supplemented groups, and the lowest egg yield

was obtained from the control group. Supplementation of different zinc

sources into quail rations increased egg yields (P < 0.05).

3.2 | Feed consumption and FCR

The feed consumption and feed conversion ratios increased significantly

at weekly intervals (P < 0.05) (Table 5). The application of 6 mg/kg

nano-Zn provided the highest feed consumption, while the lowest was

detected in the 3 mg/kg inorganic Zn-supplemented group in the first

week and in control groups in the second to sixth weeks (P < 0.05). The

highest FCR was obtained from applying 6 mg/kg of plant extract nano-

Zn-supplemented group for all periods except for the first week. The

lowest FCR values were generally obtained from the 6 mg/kg inorganic

Zn-treated group except for the third week (Table 5).

3.3 | Egg weight (g)

The weekly egg weights of the treatment groups are given in Table 6. The

highest egg weight in the first to sixth weeks was detected in the 6 mg/kg

inorganic Zn-supplemented group, and the lowest egg weight was

detected in the control group in the first week and 6 mg/kg plant extract

nano-Zn-supplemented groups in the second to sixth weeks (P < 0.05).

3.4 | Yolk weight (g)

Weekly and overall yolk weights (g) of the treatment groups are pro-

vided in Table 7. In the first to sixth weeks, no significant difference

was detected in yolk weights (P > 0.05).

3.5 | Egg yolk color parameters (L*, a*, b*)

Egg yolk color (L*, a*, b*) parameters of the treatment groups are

given in Table 8. Different zinc sources did not have significant effectsT
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on egg yolk color L* (brightness) values (P > 0.05). Effects of Zn

sources on egg yolk color a* (red-green) values were found to be sig-

nificant in the second and sixth weeks (P < 0.05) but insignificant in

the other weeks (P > 0.05). Except for the first week, effects of Zn

sources on egg yolk color b* (yellow-blue) values were not found to

be significant (P > 0.05).

3.6 | Blood serum parameters

Applying 6 mg/kg plant extract nano-Zn significantly increased the

AST and ALT values and provided the highest AST and ALT values

(P < 0.05). However, the highest Zn value was found in the 3 mg/kg

plant extract nano-Zn-supplemented group (Table 9).

4 | DISCUSSION

In this study, different Zn sources were supplemented (3 and 6 mg/kg)

into quail rations, and the effects of different Zn sources on live

weight, live weight change, egg yield, feed consumption, FCR, egg

quality traits, and serum biochemical parameters were investigated.

Different Zn sources did not have any significant effects on live

weights. The findings of this study agree with the results of previous

studies conducted with Zn supplementations (Barzegar et al., 2020;

Cufadar et al., 2020; Sahin et al., 2005; Sevim & Olgun, 2021; Zhao

et al., 2014). Reda et al. (2021) indicated that biological nano-mineral

increased live weights. In this study, Zn supplementations increased

egg yields. Torki et al. (2015) reported that Zn supplementations into

poultry diets increased egg yields. It was reported that Zn supplemen-

tations into quail diets increased egg yields (Abbasi et al., 2022). How-

ever, another study reported that Zn supplementations did not

significantly affect egg yields (Karimi et al., 2018; Tabatabaie

et al., 2007). In this study, plant extracts nano-Zn supplementations

increased feed consumption and conversion ratios. In contrast to our

results, earlier studies stated that the feed consumption of quail was

not affected by different Zn sources (Cufadar et al., 2020; Tatlı

et al., 2019). Darmiyan et al. (2020) reported that different zinc

sources decreased feed consumption but increased feed conversion

ratio and live weight of quail. In this study, 6 mg/kg plant extract

nano-Zn supplementations decreased the egg weight. Torki et al.

(2015) reported that 40 mg/kg Zn supplementation into basal diets of

laying hens led to an increase in egg yield and weight, similar to our

findings. It was reported in a previous study that nano-ZnO supple-

mentations in laying hen diets did not affect egg yolk weight (Abedini

et al., 2018a). The findings indicate that different zinc sources did not

affect the egg yolk color L* b* values of layer quail.

Different Zn sources resulted in significant differences in egg yolk

color a* (red-green) values in the second and sixth weeks. Similar to

the present findings, previous studies report that nano-Zn supplemen-

tations did not affect the internal quality traits of eggs (Abedini

et al., 2018b; Idowu et al., 2011; Mao & Lien, 2017). It was observed

in this study that 6 mg/kg plant extract nano-Zn supplementationsT
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into quail diets increased blood AST and ALT values. Reda et al.

(2021) supplemented quail diets with biological nano-minerals and

reported similar findings to the present study. In this study, the effects

of different zinc sources on total protein, glyceride, glucose, and cho-

lesterol values were insignificant. Abbasi et al. (2022) conducted a

study on quail and reported that Zn supplementations did not change

the serum glucose, cholesterol, triglyceride, calcium, and phosphorus

contents. Consistent with the present findings, Jenner et al. (2007)

reported that zinc supplementations in rabbit diets did not change

serum cholesterol concentrations.

5 | CONCLUSION

Present findings revealed that different Zn sources supplemented into

quail diets increased egg yields, feed consumption, and conversion

ratios. The 3 and 6 mg/kg plant extract nano-Zn supplementations

into quail diets did not cause a toxic effect on quail and had no

adverse effects on animal performance or other investigated parame-

ters. However, high doses of nano-Zn particles from plant extracts

may adversely affect yield parameters. In addition, current findings on

quail may also have similar effects on other poultry species. Therefore,

further research is required to reveal the effects of different Zn

sources on other poultry species’ growth performance and egg quality

parameters.
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