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ABSTRACT This study aimed to investigate the impact of Bacillus subtilis-based probiotics and oregano essential oil on

the production performance, egg quality, and intestinal morphology of late-phase laying hens (69-weeks). A total of 150 laying
hens of 69-week-old were randomly allotted into 6 treatment groups with 5 replicates of 5 birds in each replicate. Laying
hens were divided into high (H) and average (A) egg production groups prior to the trial. The hens in each group were supple-
mented with Bacillus subtilis, or oregano essential oil: CON, a basal diet; BS, basal diet plus 3 X 108 CFU/kg feed Bacillus
subtilis; OEOQ, basal diet plus 0.3 g/kg feed oregano essential oil. Egg performance, blood characteristics, egg quality, and
intestinal morphology of the late-phase laying hens were evaluated. Both BS and OEO significantly enhanced (P<0.05) egg
production compared to CON in high egg production. The blood characteristics indicated no significant differences based on
the egg production and the supplementation of BS and OEO in the late-phase laying hens. The eggshell strength was sig-
nificantly improved (P<0.05) in both OEO compared to both CON. A significantly decreased (P<0.05) the villus height to
crypt depth ratio (VH/CD) in the ileum compared to H, and in the treatment groups supplemented with BS and OEO, VH/CD
showed a significant increase (P<0.05) compared to both CON. These results suggest that the supplementation of Bacillus
subtilis and oregano essential oil in the diet of late-phase laying hens could serve as a potential strategy to enhance egg pro-
duction, egg quality, and gut health.
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Table 1. Effect of dietary Bacillus subtilis and oregano essential oil supplementation on production performance of late-phase laying
hens

Egg production Egg weight Eog mass Feed C(.)nsumption Feed cor}version

(%) (2 (g/bird/day) ratio

Egg production
H 94.72* 63.76 60.40° 128.17 2.13
A 90.14° 63.77 57.47° 127.10 222
SEM 0.836 0.576 0.747 1.241 0.031

Additive

CON 90.94 63.82 58.05 128.14 222
BS 93.29 63.40 59.13 126.94 2.15
OEO 93.07 64.08 59.63 127.81 2.15
SEM 1.024 0.706 0915 1.520 0.039

Egg productionxAdditive

CON 95.09* 63.91 60.83 129.82% 2.14
H BS 94.89* 63.11 59.87 130.24® 2.18
OEO 94.20° 64.26 60.51 124.44" 2.06
CON 86.80° 63.72 55.27 12647 2.30
A BS 91.69" 63.69 58.40 123.64° 2.12
OEO 91.94* 63.90 58.74 131.19* 223
SEM 1.448 0.998 1.294 2.150 0.055
P-values
Egg production 0.0007 0.9896 0.0105 0.5488 0.0528
Additive 0.2225 0.7944 0.4707 0.8475 0.3227
Interaction 0.0499 0.8824 0.2323 0.0129 0.0864
n=30.

*® Means in same rows with different superscripts are significantly different (P<0.05).
H, high egg production; A, average egg production; CON, fed a basal diet; BS, fed basal diet plus 3 x 10° CFU/kg feed Bacillus subtilis;
OEO, fed basal diet plus 0.3 g/kg feed oregano essential oil.

= A, Hi AheS 7R Aol A = AlebA g E A FAA Abere 2 A0 B0 WE §oAQl Ao
AL e 18l BS9E OEO] Hel7k 284 & & Holx] ¥gken, 45a8 a3 53 gty d, 4
e HQl AoR AlgdErh 53] AtehE FFe AT 7, dawt 5 Iy SA9 2B W A S
Bt S PN F e T ah Foepr A7 BHE delshed Fasitha 2eix gith(Tabeekh,
7H7g 2= glon olgdk HUME Foji= Ao TgHCl 2016). 1 T NPT JlERH 2L HF FEclA oAF
AR 2= shiz AleE 2 9ok A 24 9 ASe 2R Y SEAA AHES o B

B 5 3l= Z8-3K(Chechik et al., 1986). 7[5~ Hete-

2. €97 &4 rophils(HE)® Monocytes, Platelets®] 24| £ 282 &},
AHb7] Abeks Bl BSSF OEO oo weE & W3l HE= 574 95 v-3edA a8 2 uiidadd 34& e

gt Z3= Table 29} 30 JeERAATE 3+ B4 A3 1 ZA o] Ao R AL A TR dHA A THLentfer et
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Table 2. Effect of dietary Bacillus subtilis and oregano essential oil supplementation in composition of leukocyte profile of late-phase

laying hens
WBC HE LY HE/LY MO
Egg production
H 14.04 2.13 11.09 0.18 1.44
A 16.32 2.06 10.96 0.17 1.42
SEM 0.939 0.260 0.621 0.014 0.119
Additive
CON 13.74 2.07 10.95 0.16 1.28
BS 1530 1.99 10.61 0.18 1.51
OEO 16.50 222 11.53 0.19 1.51
SEM 1.151 0.319 0.761 0.017 0.146
Egg productionxAdditive
CON 11.1 1.67 10.05 0.15 1.22
H BS 15.15 2.39 11.39 0.2 1.55
OEO 15.86 2.32 11.85 0.19 1.55
CON 16.38 2.47 11.86 0.18 1.34
A BS 15.44 1.59 9.82 0.15 1.47
OEO 17.15 2.13 11.21 0.18 1.46
SEM 1.672 0.451 1.076 0.024 0.206
P-values
Egg production 0.0917 0.8587 0.8829 0.6760 0.9060
Additive 0.2447 0.8712 0.6877 0.7066 0.4426
Interaction 0.2771 0.2095 0.2779 0.2918 0.8462
n=10.

WBC, white blood cells; HE, heterophils; LY, lymphocytes; HE/LY, heterophil/lymphocytes; MO, monocytes; RBC, red blood cells; Hb,
hemoglobulin; HCT, hematocrit; MCV, Mean corpuscular volume; MCHC, mean corpuscular hemoglobulin concentration.
H, high egg production; A, average egg production; CON, fed a basal diet; BS, fed basal diet plus 3 x 10® CFU/kg feed Bacillus subtilis;

OEO, fed basal diet plus 0.3 g/kg feed oregano essential oil.

al,, 2015), =3 & 52| J}ERI} 2B A2 Wl Lym-
phocytes(LY)E Z4dlal HEZF S718ica 44 ok &=
g, A ThERe 2B ARE AR glom,
HELY H|&o] Qo ~Egx $F0] vha-3 Uehdn
(Gross and Siegel, 1983). 3HAIRE, Aet&zt A 17 2 &
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Triglyceride, Glucose, Total protein, Aspartate aminotrans-
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Table 3. Effect of dietary Bacillus subtilis and oregano essential oil supplementation in composition of leukocyte, erythrocyte, and

platelets profile of late-phase laying hens

RBC Hb HCT MCV MCHC PLT
Egg production
H 2.54 9.72 25.39 100.49 37.83 19.41
A 2.66 10.10 26.37 100.28 37.35 18.56
SEM 0.040 0.164 0.426 0.663 0.241 0.980
Additive
CON 2.61 10.05 26.01 100.42 37.87 20.39
BS 2.60 9.92 25.71 100.59 37.66 19.56
OEO 2.60 9.71 25.94 100.13 37.24 17.00
SEM 0.049 0.201 0.522 0.812 0.295 1.200
Egg productionxAdditive
CON 2.58 9.89 25.53 98.9 37.59 37.79
H BS 2.55 9.74 25.73 101.51 384 37.96
OEO 2.49 9.53 2491 101.04 37.28 37.74
CON 2.64 10.21 26.48 101.94 38.02 37.94
A BS 2.64 10.09 25.68 99.68 36.89 37.36
OEO 2.72 10 26.97 99.21 36.56 36.74
SEM 0.070 0.284 0.738 1.148 0.489 0.417
P-values
Egg production 0.0309 0.1102 0.1097 0.8258 0.1615 0.5415
Additive 0.9887 0.6114 0.9130 0.9191 0.3237 0.1257
Interaction 0.4558 0.9633 0.3666 0.0587 0.3779 0.3945
n=10.

WBC, white blood cells; HE, heterophils; LY, lymphocytes; HE/LY, heterophil/lymphocytes; MO, monocytes; RBC, red blood cells; Hb,
hemoglobulin, HCT, hematocrit; MCV, mean corpuscular volume; MCHC, mean corpuscular hemoglobulin concentration.
H, high egg production; A, average egg production; CON, fed a basal diet; BS, fed basal diet plus 3 x 10° CFU/kg feed Bacillus subtilis;

OEO, fed basal diet plus 0.3 g/kg feed oregano essential oil.

2022). Giil et al.(2020)] <ol A 38~4055 ] White Lo-
Aol AST F%+ 873+ OEO H<1(200, 400,
600 mg/kg) 2 Ql3te] FolZQl zto]lE HolA] drtial B
I3FATE Arslan et al.(2022)2] Aol A= 485E Hy—Lme
brown©l] EO(50, 100, 200 mg/kg)S 84Y FolsliS uf &
% ALTS] Wsh= gigitta Baustdleh. &2 2ol A phos-
chald oA}
(Piotrowska et al., 2011) 2 213 7]%52] 83k A Fo|t}
(Marono et al., 2017). Arslan et al.(2022)2] I7rol| A Akt

hmann Akt

phocreatine 31¢] F4HEQl  Creatinine

F7148F%) kA Sl A EO(50, 100, 200 mg/kg)e] Hol 2
olsle] 82 W Creatinine?] W3l7} gllen, F=x&
0.39~0.45 mg/dLE YERfo] B A9} fAle 25 YE}
Witk mE3 Giil et al.(2020)914 % 38~405F5 2] AlekA o))
7| 857k2] OEO2] Fo & 913} Creatinine 2}o]&= §1ATHL
Huskdth Yu et al.(2020)2] ATl E 19% 9] Loh-
mann Brown®l| Al 0.1% BSZ 632 B¢t FoiatS uf &3
W Glucose, Total protein, AlbuminZ} 3 7}6}A] &2 A 2]+
oF fFo) ARl 2ol AT B st
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Table 4. Effect of dietary Bacillus subtilis and oregano essential oil supplementation in serum biochemical profiles of late-phase laying
hens

TC TG GLU TP AST ALT Ca Crea ALB LDH

Egg production

H 170.28 1,573.20 174.19 6.44 224.78 0.45 29.41 0.32 217 1,392.30

A 159.75 1,415.66 178.73 6.47 231.07 0.62 28.32 0.32 2.19 1,563.83
SEM 7.697 39.230 5.859 0.089 14.898 0.106 0.429 0.004 0.021 101.246

Additive

CON 177.38 1,516.26 170.54 6.41 215.81 0.48 28.96 0.33 2.19 1,454.51
BS 151.44 1,532.10 170.16 6.41 24244 0.65 28.52 0.32 2.16 1,591.60
OEO 166.23 1,434.93 188.67 6.56 225.53 0.47 29.11 0.32 2.19 1,388.09
SEM 9.427 48.047 7.175 0.109 18.246 0.130 0.526 0.005 0.026 124.000

Egg productionxAdditive

CON 169.76 1,595.20 163.79 6.32 219.18 0.50 29.17 0.33 2.18 1,331.9

H BS 159.61 1,619.19 174.36 6.36 219.55 0.46 29.39 0.32 2.15 1,535.4

OEO 181.45 1,505.23 184.41 6.64 235.63 0.39 29.66 0.33 2.18 1,309.7

CON 185.00 1,437.33 177.30 6.50 212.45 0.45 28.75 0.33 2.20 1,577.1

A BS 143.26 1,445.01 165.95 6.45 265.33 0.85 27.65 0.32 2.18 1,647.8

OEO 151.00 1,364.64 192.93 6.48 21543 0.55 28.57 0.32 2.20 1,466.5

SEM 13.332 67.948 10.147 0.155 25.804 0.184 0.743 0.007 0.036 175.36
P-values

Ergogduction 0.3393 0.0069 0.5868 0.7854 0.7670 0.2721 0.0808 0.6136 0.4052 0.2377

Additive 0.1613 0.3181 0.1264 0.5468 0.5837 0.5299 0.7089 0.6593 0.6325 0.5021
Interaction ~ 0.2263 0.9699 0.5318 0.5347 0.4094 0.4876 0.6770 0.4512 0.9915 0.9284

n=10.

*® Means in same rows with different superscripts are significantly different (P<0.05).

H, high egg production; A, average egg production; CON, fed a basal diet; BS, fed basal diet plus 3 x 10° CFU/kg feed Bacillus subtilis;
OEO, fed basal diet plus 0.3 g/kg feed oregano essential oil.

A U Cal A o] 8ES 9u|dt}h. Bozkurt et al. 4. Azt &
(2016)°] AFelA= OEOY H= €73 W Cadl Aol= Atgbdr] BS 2 OEO Fojo] M2 Algk Fdo nA|+=
AT Basklon, Arslan et al(2022)9] 605 AFgHAl &= Table 59| YERARIT:. W27, s, wha, A

[e] i
3 W Ca T 29.2-333 mg/dL FAS YEPGTIL B S A =(Haugh unit), @2} A= (L*, a*, b¥)ol|lAE A
watgon, B Aol GAletdt) E3F Zou et al.(2021)9] 9l BS, OEO #7}= QI fol ARl Ao7} glleon, ds
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ATollx] 4877 o] ArtAlAl BSE 30 B 60 F<tol g BAE IUTh 2y G A Abeks Zjold
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. Effect of dietary Bacillus subtilis and oregano essential oil supplementation on Egg quality of late-phase laying hens

Eggshell strength Eggshell thickness

Albumen height

(ke/on) (um) Yolk color (mm), Haugh unit
Egg production
H 3.11 0.40 6.37 6.97 82.19
A 3.30 0.40 6.38 7.44 81.86
SEM 0.057 0.003 0.084 0.468 0.542
Additive
CON 3.06° 0.41 6.35 6.99 81.72
BS 3.15° 0.41 6.40 7.79 81.85
OEO 3.38* 0.40 6.37 6.85 82.50
SEM 0.070 0.004 0.103 0.575 0.661
Egg productionxAdditive
CON 2.96 0.41 6.33 7.25 83.31
H BS 3.07 0.40 6.37 6.69 80.90
OEO 331 0.40 6.40 6.97 82.36
CON 3.17 0.40 6.37 6.72 80.13
A BS 3.23 0.42 6.44 8.89 82.81
OEO 3.49 0.40 6.33 6.72 82.65
SEM 0.098 0.006 0.147 0.807 0.935
P-values
Egg production 0.0501 0.7970 0.9213 0.4755 0.6699
Additive 0.0045 0.1880 0.9383 0.4587 0.6700
Interaction 0.9327 0.3406 0.8898 0.1821 0.0510
n=30.

*7¢ Means in same rows with different superscripts are significantly different (P<0.05).
H, high egg production; A, average egg production; CON, fed a basal diet; BS, fed basal diet plus 3 x 10° CFU/kg feed Bacillus subtilis;

OEO, fed basal diet plus 0.3 g/kg feed Oregano essential oil.
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OE09 F9& VH/} Z7lslgttn B skt Gao et
al. (2019)% essential 0il?} F7]14HE AR H7MER Foidt

155 §71¢] CD7} 431l om, 19f whe} VH/CD7L 5
7}6}311:}1 B33t} Chen et al.(2020)2] ATl AE 29
Fe o] AkA A BS(5 x 10° cfu BSkg)S 105 <+ T
39S, VH/CD2] H]&2] v &o] Z7}819 1, BSS] A7}
| 22 A o2 JRdete mAYUSES A9 Ak
Vo s WA nAE 9 B4R RE BEstn, ) v
AL TS ¥l Ao ® Atndrtta Bkl thXing
et al, 2015). OEO T+ WA vAES] 45 JAst=
PA A e AT A 2HTH 2folE AL &

1

N

High egg production

Average egg production

CON

BS

OEO

OEO

Fig. 1. Effect of dietary Bacillus subtilis and oregano essential oil supplementation on intestinal morphology (H&E stain) of late-phase
laying hens (74 weeks). n=6. CON, fed a basal diet; BS, fed basal diet plus 3 x 108 CFU/kg feed Bacillus subtilis; OEO, fed basal

diet plus 0.3 g/kg feed oregano essential oil.
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Table 6. Effect of dietary Bacillus subtilis and oregano essential oil supplementation on intestinal morphology(H&E stain) of late-phase

laying hens

Villi height (um)

Crypt depth (um) Villi height / Crypt depth

Egg production

H 592.80 103.13° 5.85°
A 610.76 99.06° 6.22°
SEM 8.501 1.402 0.078
Additive
CON 584.23 111.55° 527°
BS 622.20° 98.59° 6.37°
OEO 598.89" 93.15° 6.45°
SEM 10.412 1.717 0.096
Egg productionxAdditive
CON 587.90" 117.87° 5.00°
H BS 631.38" 101.53™ 6.28"
OEO 559.11° 89.99 6.26"
CON 580.57° 105.23° 5.54°
A BS 613.02% 95.64% 647
OEO 638.67° 96.32° 6.64°
SEM
P-values
Egg production 0.1375 0.042 0.0011
Additive 0.0368 <0001 <0001
Interaction 0.0018 0.0006 0.4553
n=0.

24 Means in same rows with different superscripts are significantly different (P<0.05).
H, high egg production; A, average egg production; CON, fed a basal diet; BS, fed basal diet plus 3 x 10° CFU/kg feed Bacillus subtilis;

OEO, fed basal diet plus 0.3 g/kg feed oregano essential oil.
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