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Abstract

This study was conducted to examine supplementation of (spent oyster mushroom (Pleurotus ostreatus) substrates:
SOMS) in laying hen diets on productive performance, apparent digestibility, intestinal histomorphology, microbiota,
and yield quality. Four hundred and eighty laying hens (Hisex Brown®), 30 weeks of age, were raised under ambient
temperature and assigned in a completely randomized design (CRD) with six dietary treatments and four replications
per treatment. Dietary treatments were, corn-soy basal diet supplemented with 0 (control), 10, 20, 30, 40 was 50 g/kg
of SOMS respectively. All birds were fed with laying hen diets containing 18% of crude protein and 2,850 kcal/kg (ME)
to meet nutrient requirements of poultry according to NRC (1994). Diets were restricted (110 g/h/d) throughout the
study in 3 periods (28 day per period) and drinking water was offered ad libitum to the birds. The results showed that
SOMS supplementation at 0-30 g/kg not significantly affect the apparent digestibility of dry matter, and gross energy
(P<0.05). Supplementation of SOMS increased Lactic acid and Enterococcus sp. (P<0.05) and decreased
Salmonella sp. and Escherichia coli in cecum different to control group (P<0.05). In addition, SOMS supplementation
increased villous height in duodenum, cryptal depth in duodenum and jejunum, and villous surface area in jejunum
and ileum (P<0.05). However, SOMS supplementation at 0-10 g/kg not significantly affect the average egg weight,
FCR, and feed cost per 1 kg of egg (P<0.05). Furthermore, All level of SOMS Supplementation in layer hen diets may
be a feasible means of producing eggs with lower cholesterol contents (P<0.05) for health conscious consumers.
In conclusion, the result of the present study showed that supplemented 10 g/kg of SOMS can be used and has the
potential as feedstuff enhancing intestinal histomorphology, microbiology of laying hens and decrease cholesterol

level in yolk.

Keywords: Spent mushroom substrates, Oyster mushroom, Prebiotic, Laying hens, and Diets
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96.32% Buv3ning 73.24% lusduneny 1.56% ludura
1.62% LHalaneny 22.11% uaz WAKWIIN 2,549.12 keallkg
vl nmananssnssilldlaley Hisex Brown® QUIIEE I
30 SUJAN% $12% 480 6 ALRLIDUNTIY (battery cage)
muldmsianuszuassrsnmalulssSeunuuidaguidn
QLLNuﬂ’liﬂﬂaadLLuuﬁiuﬁwgiﬂi (completely randomized
design: CRD) {nua 6 YaNud 9 az 4 91 570 24
WiENARDd (n=20) §9it vaNudd 1 Ao 2IWNIALAN
YANLUUGT 2, 3, 4, 5, Uas 6 A0 81WNTLETN SOMS 261
10, 20, 30, 40, uaz 50 n3uAaRlansy MINARBILE
oslilyszulwlafigdnn Inauaznndamasaduiin
ufilusduneny 18 % waswasnuiiliuselomild 2,850
kcallkg @NALKEEIVDI NRC (1994)"

Table 1 Nutritive value of experimental diets (from chemical analysis)

Level of SOMS supplementation in diets (g/kg)

Nutritive value

0 10 20 30 40 50
Dry matter (%) 92.13 92.53 92.24 92.19 92.27 92.15
Crude protein (%) 18.25 18.14 18.06 18.12 18.13 18.21
Ether extract (%) 2.07 2.15 213 2.24 2.14 2.05
Crude fiber (%) 4.79 6.94 717 7.74 8.78 7.79
Ash (%) 14.21 13.76 14.12 14.12 14.32 14.30
Calcium (%) 4.52 4.39 4.31 4.34 4.46 4.49
Total phosphorus (mg/ml) 0.84 0.79 0.84 0.93 1.04 0.84
Gross energy (kcal/kg) 3,672.98 3,640.09  3,835.93 3,847.46 3,825.45 3,661.92
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vmstaesliliieasussanwmsnaalagls
navave 84 Tu udaiu 3 7299 8z 28 T4 Uuiin
Usinmarwsfiin s 1wunandale uasiminlaluudas
Tu uddwr s dasnsla (hen-day production) swtin
liade (average egg weight) 17811 (egg mass) {(egg
mass = average egg weight x hen-day production) /100})
WAV Zhao et al. (2003)""; Ragab et al. (2012)" PRI
M mmySunansnule (feed intake) Yszdnawnns
wWagnawnadwla 1 Alansu (feed conversion ratio per
1 kg of egg) (FCR = feed intake/egg mass) @1430283
Nopparatmaitree et al. (2014)"
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' | a 1 &) a A
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P .
(vellowness: b*) aasliln Bnvsvinmsiaanunuvas
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=) ] v v v v U
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fwIIAIHaugh unit: HU 9 ngas H.U. = 100 log

(albumen height in millimeter + 7.57 x 1.7 weight of egg
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malianziguaimelnruzluamsinlinaasuaz
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Sharifi et al. (2012)”° WAHINMIAWITIAT AWRINULT
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conventional microbiology techniques lawld Selective
agar media @N3DVad Giannenas et al. (2010)' Lactic
acid bacteria (Lactobacillus sp.+ Bifidobacterium sp.) o
MRS agar + 0.02 1WosLdud NaH + 0.05 afiGud
L-Cystine hydrochloride monohydrate, Enterococci o
m Enterococci agar, E. coli 1‘5 EMB agar, ias Salmonella
1 XLD agar a‘hmwmadgﬁuw%ﬁﬁvlﬁmﬂmsﬁumaﬁaa
Uddns desvinmaudasdaya (transformed) @28 log
argralithm 311 10 ﬁauﬁﬁﬁaga"l,ﬂ%miw:ﬁmaaﬁa au
29n13284 Abdalgader et al., (2013)%
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of variance: ANOVA) @78 general linear model (GLM)
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mean) &% t fla BNTWRVBININLUUG (treatment effect)
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Steel and Torrie (1992)* uazdianziuwdliuvastona
(trend analysis) @28 orthogonal polynomial lagld
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FIuaaIlu Table 2
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anuanvasaitvieanlaaiguvasinldandiugladiy
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(P>0.05) G au&AI b4 Table 6

6. WanILE3In SOMS lwarwsnaasdilsznay
Taswlwladuasvaslnla
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Table 2 Effect of SOMS supplementation in laying hen diets on cecal microbiota

Level of SOMS supplementation in diets (g/kg) Trend
Cecal microbiota SEM
0 10 20 30 40 50 analysis
Lactic acid bacteria 10.79F 11.96° 11.31° 11.61° 11.90° 12.46" 0.04 L
Enterococcus sp. 3.84° 6.20"° 7.01* 7.65" 7.82" 8.07" 0.26 L
Escherichia coli 10.06" 9.59" 9.02" 6.12" 6.66" 2.87" 0.46 L
Salmonella sp. 1.63" 1.96"® 0.00° 0.00° 0.00° 0.00° 0.25 L

SEM= Standard error of mean, NS= Not significantly (P>0.05), *® Mean with symbol with in same row differ significantly (P<0.01), and L = Linear

Table 3 Effect of SOMS supplementation in laying hen diets on apparent nutrient digestibility

Apparent nutrient Level of SOMS supplementation in diets (g/kg) SEM Trend

digestibility' (%) 0 10 20 30 40 50 analysis
DM (%) 83.60" 81.93" 80.47"%° 81.33" 78.33%° 77.48° 0.39 L
CF (%) 60.82 58.00 59.67 59.33 57.00 57.33 0.50 NS
EE(%) 82.87 82.67 81.00 80.67 79.33 79.67 0.45 NS
GE (%) 80.61" 79.13% 80.33" 78.47%® 78.80™ 77.33° 0.26 L
CP(%) 78.82 78.20 77.67 76.50 76.50 76.50 0.32 NS
AME (kcal/kg) 2766.45"  2550.72° 2566.06° 2519.70° 2517.53° 2490.73° 8.14 Q

' DM= Dry matter, CP= Crude protein, EE=Ether extract, CF =Crude fiber, GE=Gross energy and AME = Apparent matabolizable energy
SEM= Standard error of mean, NS= Not significantly (P>0.05), *® Mean with symbol with in same row differ significantly (P<0.01),
L = Linear, and Q2 = Quadratic

Table 4 Effect of SOMS supplementation in laying hen diets on small intestine histomorphology

Small intestine Level of SOMS supplementation in diets (g/kg) SEM Trend

histomorphology" 0 10 20 30 40 50 analysis
Duodenum
-VH (mm) 1.03° 1.32% 1.34" 1.32% 1.31% 1.46" 0.03 C
VW (mm) 0.13 0.21 0.18 0.13 0.13 0.12 0.08 NS
-VSA (mm?) 0.45 0.94 0.82 0.58 0.58 0.60 0.11 NS
-CD (mm) 0.14° 0.24" 0.17°%¢ 0.24" 0.20*® 0.22"® 0.07 L
-VH:CD 7.39 5.61 7.83 5.74 6.50 6.81 0.28 NS
Jejunum
-VH (mm) 1.08 1.28 1.13 1.18 1.26 1.39 0.03 NS
VW (mm) 0.10° 0.13%¢ 0.15° 0.11%° 0.13°° 0.18" 0.04 c
-VSA (mm?) 0.38° 0.59° 0.57° 0.46° 0.54° 0.88" 0.03 c
-CD (mm) 0.12° 0.19*® 0.13%° 0.21%® 0.18%° 0.25" 0.07 L
-VH:CD 8.81" 6.78° 8.48" 5.70° 6.85° 5.75° 0.18 L
lleam
-VH (mm) 0.79° 0.78° 0.85" 1.02* 0.78° 0.94%® 0.03 L
VW (mm) 0.12 0.12 0.14 0.11 0.12 0.15 0.05 NS
-VSA (mm?) 0.32° 0.33° 0.40" 0.40" 0.33° 049" 0.02 L
-CD (mm) 0.11 0.12 0.12 0.17 0.17 0.16 0.08 NS
-VH:CD 7.3 4.85 7.05 6.15 4.71 6.59 0.41 NS

"VH= Villous height, VH= Villous wide, VSA= Villous surface area, CD= Cryptal depth, VH:CD= Villous height : cryptal depth
SEM= Standard error of mean, NS= Not significantly (P>0.05), “® Mean with symbol with in same row differ significantly (P<0.01),
L = Linear, and C=Cubic,
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Table 5 Effect of SOMS supplementation in laying hen diets on productive performance

Egg Quality and Fatty Acid Composition of Yolk

Productive Level of SOMS supplementation in diets (g/kg) Trend

performance 0 10 20 30 40 50 SEM analysis
Period 1
-HD production(%) 94.15" 92.66"  91.34%¢ 90.74° 90.32° 90.00° 0.22 L
-Egg weight (g) 61.45" 60.03*®  60.35"®  59.89"®  59.03% 57.69° 0.26 L
-Egg mass (g/d) 57.86"  55.63"° 55.12°  5435+° 53.31%°  51.92° 0.30 L
-FCR 1.90¢ 1.98% 2.00° 2.02° 2.06" 2128 0.01 L
-FCE (THB per kg) 30.90°¢ 32.17% 32.43° 32.89° 33.53"® 34.44" 0.18 L
Period 2
-HD production(%) 90.00"  89.35"®  88.22"¢  87.26% 85.11° 86.55°° 0.27 L
-Egg weight (g) 59.72 59.00 59.55 57.72 57.66 57.55 0.35 NS
-Egg mass (g/d) 53.80"  52.72"® 5253  50.36°°  49.08° 49.80° 0.33 L
-FCR 2.05° 2.09% 2.09% 2.18"® 2.24" 2.21 0.01 L
-FCE (THB per kg) 33.24°  33.93%  34.04%° 3550 @ 3647 35.91 0.23 L
Period 3
-HD production(%) 85.05" 83.03° 81.80%° 81.13° 80.39° 80.14° 0.21 Q2
-Egg weight (g) 60.14 59.30 58.12 59.27 57.63 56.79 0.32 NS
-Egg mass (g/d) 51.15%  49.25"  4756°°  48.09°°  46.34° 4551° 0.33 L
-FCR 2.15¢ 2.23% 2.32% 2.29"® 2.38" 2.42" 0.02 L
-FCE (THB per kg) 34.95°  36.30°° 37.64"° 37.18"° 3862 39.31% 0.27 L
Overall
-HD production(%) 89.76" 88.35° 87.12°  86.34%° 85.27° 85.56" 0.14 Q2
-Egg weight (g) 60.44% 59.44"®  59.34"®  5896"°  58.11% 57.34° 0.24 L
-Egg mass (g/d) 5425" 5252 51.70°  50.93°°  4955°  49.06° 0.23 L
-FCR 2.03° 2.10%° 2.13¢ 2.16% 2.22%® 2.24" 0.09 L
-FCE (THB per kg) 33.03°  34.13°®  3470° 3519°°  36.21" 36.55" 0.16 L

"HD production= hen day production (%), Egg weigh = Average egg weight (g) FCR= feed conversion ratio

(g of feed/g of egg mass) FCE= feed cost per 1 kg of egg (Bath per 1 kg of egg)

SEM= Standard error of mean, NS= Not significantly (P>0.05), *® Mean with symbol with in same row differ
significantly (P<0.01), L = Linear, and Q2 = Quadratic



864 Manatsanun Nopparatmaitree et al.

J Sci Technol MSU

Table 6 Effect of SOMS supplementation in laying hen diets on egg physical quality

Level of SOMS supplementation in diets (g/kg) Trend
Egg physical quality SEM
0 10 20 30 40 50 analysis
Egg color (%) 43.76 39.42 38.58 41.58 41.01 41.31 0.23 NS
Whole egg weight (g) 62.20 61.40 61.00 62.08 61.99 59.97 0.48 NS
Shell weight (g) 8.35 8.07 8.60 8.12 8.64 7.70 0.07 NS
Yolk weight (g) 15.78 15.44 15.42 15.43 15.26 15.30 0.10 NS
Albumen weight (g) 38.07 37.88 36.99 38.53 38.09 36.99 0.36 NS
Albumen height (mm) 9.00+ 8.85 9.41 10.06 10.11 9.34 0.16 NS
Haugh unit 94.19 91.73 94.74 96.65 94.13 94.33 0.74 NS
Yolk color score 14.30 14.30 14.44 14.67 14.63 14.56 0.05 NS
-Lightness 47.00 46.85 46.80 47.40 48.60 47.76 0.24 NS
-Redness 2514 25.27 24.67 25.56 25.26 24 .48 0.17 NS
-Yellowness 45.04 45.84 43.45 45.34 43.48 42.60 0.40 NS
Shell thickness (mm) 0.32 0.33 0.33 0.34 0.34 0.33 0.03 NS

SEM= Standard error of mean, and NS= Not significantly (P>0.05)
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Table 7 Effect of SOMS supplementation in laying hen diets on cholesterol and fatty acid profile in yolk

Effects of Spent Oyster Mushroom (Pleurotus ostreatus) Substrates (SOMS) 865
Supplementation in Laying Hens Diets on Apparent Nutrient Digestibility,

Cecal Microbiota, Small Intestinal Histomorphology, Productive Performance,

Egg Quality and Fatty Acid Composition of Yolk

cholesterol and fatty acid Level of SOMS supplementation in diets (g/kg) SEM Trend
profile 0 10 20 30 40 50 analysis
Cholesterol 1,384 1,295 1289 1,228 1,221° 1210° 0.48 L
MUFA' 11.47 11.28 12.63 12.17 12.10 11.98 0.09 NS
Miristoleic acid 0.02 0.01 0.02 0.01 0.01 0.02 0.01 NS
Palmitoleic acid 1.01 0.86 0.95 0.86 1.00 0.93 0.04 NS
Heptadecanoic acid 0.03 0.02 0.02 0.03 0.02 0.02 0.01 NS
Veccenic acid 0.06 0.60 0.54 0.65 0.67 0.67 0.08 NS
Oleic acid 10.27 9.70 11.02  10.53 10.31 10.26 0.04 NS
Eicosenoic acid 0.08 0.08 0.08 0.08 0.08 0.08 0.04 NS
Nervonic acid 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.001 NS
PUFA® 5.25 4.51 4.64 4.80 4.67 4.45 0.003 NS
Linoleic acid 4.49 3.77 3.89 4.033 3.86 3.71 0.05 NS
Eleostearic acid 0.09 0.06 0.07 0.07 0.07 0.06 0.001 NS
Eicosadienoic acid 0.10 0.03 0.03 0.04 0.04 0.03 0.03 NS
Eicosatetraenoic acid 0.43 0.47 0.47 0.48 0.50 047 0.02 NS
Docosahaxaenoic acid 0.14 0.18 0.18 0.18 0.20 0.18 0.03 NS
SFA’ 9.06 8.59 9.11 8.22 9.13 9.27 0.03 NS
Myristic acid 0.09 0.09 0.10 0.07 0.09 0.10 0.04 NS
Pentadecanoic acid 0.02 0.02 0.01 0.02 0.02 0.02 0.48 NS
Palmitic acid 7.06 6.55 6.91 5.99 6.93 712 0.09 NS
Heptadecanoic acid 0.04 0.04 0.04 0.06 0.05 0.04 0.01 NS
Stearic acid 1.84 1.88 2.04 207 2.03 1.98 0.04 NS
Heneicosanoic acid 0.01 0.01 0.01 0.01 0.01 0.01 0.08 NS
Omega 3 fatty acid 0.16 0.15 0.16 0.16 0.16 0.17 0.04 NS
Omega 6 fatty acid 4.59 3.78 3.86 4.56 3.97 3.96 0.04 NS
Omega 6 fatty acid 10.37 9.80 11.13 10.61 10.40 10.13 0.001 NS

'"MUFA=Monounsaturated fatty acid, ‘PUFA=Polyunsaturated Fatty Acid, *°SFA= Saturated Fatty Acid

SEM= Standard error of mean, NS= Not significantly (P>0.05), ** Mean with symbol with in same row differ

significantly (P<0.05), and L = Linear
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