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Detection of bacterial content in the nipple watering system
of layer house with cascading cages in winter and spring
and its influence on the production performance
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Abstract In order to understand the microbial pollution in the nipple watering system in the layer farms in winter and
spring, the bacterial contents in the pipe water and the V-trough on different tiers of the layer house with 8 overlap tiers
were continuously monitored to compare the bacterial contamination and its association with laying performance and egg
quality traits. The total copy number of bacterial genome 16S rDNA was detected by quantitative real-time PCR. The

results showed that there was no significant difference in the 16S rDNA copy number in pipe water among tiers, while
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the 16S rDNA copy numbers in V-trough were slightly higher in the 3" and 7" tier compared to the 1% and 5" tier (P>
0.05). The 16S rDNA copy number in the V-trough was 575.44 — 32 130.51 times higher than that in the pipe water
(P<C0.01) on each tier throughout the experiment. The laying rate, albumen height, and Haugh unit of chickens were
higher in the 1% and 5"tier compared to that in the 3" and 7" tier, and there was no significant difference in other egg
quality traits among tiers. The 16S rDNA copy number of bacteria in the pipe water was weakly and positively
correlated with that in the V-trough on different tiers in both winter and spring (correlation coefficient, r =0.223, r =
0.225). The bacterial content in V-trough was weakly and positively correlated with temperature and air bacterial
content, and had significant positive correlation with humidity in winter (r =0.325). The bacterial content in V-trough
was weakly negatively correlated with laying rate and egg quality traits, and had significant negative correlation with
Haugh unit and albumen height in spring (r = — 0.348, r = — 0.479). In conclusion, the bacteria content in the
V-trough was much higher than that in the pipe water in both winter and spring, and had much higher correlation with
environmental temperature, humidity and air quality, which indicated higher potential negative impacts on the laying

performance and egg quality of laying hens. It is necessary to strengthen the monitoring of pollution and the control of

safety inside V-trough during production.
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Pt E 5 PCR K I 51 4 T4 7 16S rDNA
WHBI Y. VXK V3~V X, 75T,
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1.5 HEKMEMERRNE

WM LD 3 ARG HE S 1 4L, R
A 8.00 U R Y E R ML ER, 44
2 A1 RN E 5 AL R R MR R R L B ST R
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Table 1 Temperature, humidity and air bacterial count in different tiers of layer house during winter and spring

G2 Tier
o 49 14 b7 : : : :
w17 %3 )2 95 I w1
Season Date Index
1 tier 3 tier 5% tier 7" tier
IR /°C Temperature 19.40=£0. 98 19.024+1. 32 20.98+2.10 21.32+1.36
/% Humidity 58.52+4.66  58.45+5.65  55.43+3.49  55.904£5.22
2019-12-24

2S5 MEB/ (cfux10° /m*) 12.9944.45 13.80+5.12  11.204+2.72  14.36=+2.51

Bacterial content in air

iR )JE /°C Temperature 18.65+1. 82 18.90+1. 10 19.17+1. 21 19.65+1. 29
/% Humidity 58.9843.16  59.77£3.65 56.15+t4.45  57.8045.52
2020-01-07
s 2B B/ (cfuX 10° /m®) 10.38+2.55 15.724+3.41  10.88+1.62  12.83+2.89
A ] Bacterial content in air
Winter
L /°C Temperature 18.68+1.12 18.334+1. 46 19.73+1.87 20.0541. 96
2020-01-21  {8J¥/% Humidity 59.10+3.17  60.56+4.55  56.3944.98  55.48=+4.97
SAMBEE/ (cfuxX 10° /m*) 18.84+4.24  24.2042.27 14.80%3.26  16.83+2.86
Bacterial content in air
) /°C Temperature 18.91+1.87 18.75+1. 46 19.96+1.99 20.3441. 84
S SEE] MBS/ % Humidity 58.8744.50  59.5944.89  55.9944.98  56.39+%5.27
Mean e ) 4
=S MEE/ (fuxX10°/m*) 14.004+4.92  17.54=£5.08  12.30%3.67 14.6743.10
Bacterial content in air
ML BE/°C Temperature 23.40+1.98 23.86+1.27 24.114+1.61  24.78-+1.48
B /% Humidity 55.2142.99  55.65+3.15 53.6444.72  52.21+3.53
2020-03-31
- S5 MEE/ (cfux10° /m*) 14.39+3.83 18.46+3.12 16.20+3.19  17.7043.15
ES
Bacterial content in air
Spring
IR JE /°C Temperature 23.6740.94 24.12+1.21 24.89+1.26  25.124+1.76
2 ¥ /% Humidity 52.054+3.02 52.65+3.48  49.63%£3.06  50.813.42
2020-04-14
2 ME B/ (cfux 10° /m®) 16.464+3.13  14.0443.09 10.75+2.52  14.7042.46
Bacterial content in air
WLBE /°C Temperature 23.54+1.87 23.99+1.62 24.504+1.96  24.95+1.71
FHME R/ % Humidity 53.63%+3.17  54.154+3.28 51.64=+4.11  51.5143.22
Mean

SR MBS/ (cfux10®/m*) 15.51+£3.99  15.5243.59 13.48+3.18 16.20+3.62

Bacterial content in air




2021 4E 55 26 %

G R I A N S 4

76

.>>O~®A— Se wes wﬁrﬁ

HO Ovm je mwuﬂwhww:ﬁu uﬂmucmﬂwmw MHNUEUQM CEDTuU e ul wmﬁUMQBA: uﬂwhm.:;v QS,H\ anHCZ

Tlul L (T0C0>>d) B T TN S o B o] g [g] F R

y3noiy-A ur pue rajem odid ur

BLID}OR] JO Ioquinu Adod 9y} Jo oneyl

B2 X% 1 5 Il LI e300

LA 19 °S79 €S 166 08°192 1 16 °0€T 2¢ 55 0% 10 G4 I 3 B I Bl A
q€€°0TFL8°6 q 0S5 0FS8°6 qQVvZ2°0F1S°6 qQIE0FLZ 6 q€€°0T92°6 ueoN Hj A
9¢'0F 966 CZ'0FL6°6 8% "0F V66 €C0FCE6 L2 °0F9S°6 €C0F 926 €e0FSZ 6 nn L H L
y3nomn-A
17 '0F18°6 LZ2°0F6L°6 0S5 '0F€8°6 82 0F¥Z°6 82 0F1IV'6 Y2 0FCS1°6 62 °0F91°6 P06 E S —
Ry (i
8G "0F S8 6 LY 0FE8°6 90T 886 28 0F 0576 22°0F09°6 € 0FVY 6 17 0FSV 6 »n e EH e H
6°0FT18°6 81 "0F68°6 ¥ 0FSL 6 07V "0FT1E6 8T "0F97 6 2€°0F92°6 82 0026 PNl EH T
B 9¢0FG0°L B ZG0TF€E69 BCT0OFIS9 B IZ0FLLY BET0F9L Y ueolN H} fgf Ac
I7°0FL0°L 8% 0OFTIT°L € 0FF0 "L LL0FE8 S Z1°0F8% "9 61 °0F0Z°9 €1 0F08 ¥ L L EH L
I1em adig
67 0FF6 "9 A E ) 8% "0F 289 €8 0F V8¢ TT'0F9¢79 ZE0F6T°9 VL0OF9LY PN 6 E G .
LEOFT0°L 2V 0FE0 "L 02 0F86°9 9,°0F8L°¢S Z10F€er "9 LT'OFIT9 ST 0F9L°¥ nn e E ¢
65 °0F€6°9 I7°0F20°L L2 0F88°9 €8°0F08 "¢ 0Z°0F9¢ 79 LT0FST9 60°0F0L°F RSN =
H G4 71-¥0-0202 1£-€0-0207 ) GrA 12-10-0202 L0-10-0202 72-21-6102 1oL uonISOJ
Fundg )‘JPW% IIUI A\ %Wﬂ H Wﬁv

CTW/ X5 1 %3]

Surxds pue rojuim Sunnp

9snoy I94B[ Ul SI91) 1USISJJIP UO Y3noil-A 91 pue 11em adid a1 ul elI91deq jo 1_qunu £dod YN S9T 2YL Z °[9BL

PR %Y VNGAI SOT B NCRIFE A BN HE RV ASHKEES %



LHRE]

N5 ZFFRGNEX I A OK 5 G040 8 o B I K H X 42 77 1 RE 52 1 7

2.3 AEAEBEBAEFEGEMESRMER

& WA G 2 R YRR KR S
RPN FE 3. F£ 4 MFEs5, NETHRESR. &
MAERNG 1M 2 ERYETH 3 M7 E;
ABEMEENAFERZREER LR E 25 M
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1AS 2 8 F m BEMS CRA 3 T 58 3 R 7
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Table 3 The laying rate and abnormal egg rate of layers on different tiers in layer house %
£ Z= Winter £ 2 Spring
Tier FRHE R Wi I 2 % FRHE R W 2 A

Laying rate

Abnormal eggs rate

Laying rate Abnormal eggs rate

% 1JE 1 ter 80.90+6. 29 0.574+0.17 79.3646.55 b 1.1540. 44
5 3 )2 3 tier 78.43+7.31 0.46+0.15 77.51+6.41 a 0.9740.73
5 )2 5" tier 78.82438. 30 0.81+0. 22 78.3145.88 ab 1.46+0. 89
W7 R T tier 77.97+6.08 0.6240.18 77.19%7.67 a 1.6240.93
P i P value 0. 061 0.432 0. 006 0.015

2.4 HAEEESENHSERESHMNBERLYE

TR K FN VBl 7K 40 T3 RS DA S A
B BB A e E WL 6., K ER K 4NTE B VAR K
MAEAMELXEMERYEFHEMLHLRE r=
0.223,r=0.225) , R E SR EAELFTMESRY
BB FEAMEG=—0.597,r=—0.921) ; /KL K
20 T BCTE 2 R VR 2RI 5 00 B R R S A R AR
g 5L [ R JBE 55 A0 56 5 VO 20 T B TE & B R B
B, 55 9 R RN A S A AR 2 59 I A O FE
P4 I 5 0 5L B O A 56 (r=0. 325) 5 T AN
BB 5 2 A B B A4 2R R AR 2R I 1 2 A O
2.5 AEEFEENHNRESHE~ELNE

R B A 5K 1

IKEIKAT VR 7K 40 B JE DR A 4 DL IR
T8 R 25 AN DA RIS ) B SRR R T R ) A G
WL 7, FK LK A TR R 7 AR R ORI AR ORI T
A BB RN R 55 00M 56 5 VO BURE K 20 TR 2L S
7R R FIER i O R R AR 4 B R A B 1 B R[] R B 7
FHOG, Horh B ZR et 5 8 R G 5 ) 3 6
Ke(r=—0.348,r=—0.479) ; 25 A EH B 5 HE
R G PRk AR 48 A 2 1 S R [ A 3 9 970 4 OG5 360
RRESEEMERAL EEZYEAFEEIE
FHOG 5 28 1 i SR B B A7 39 B A [ R 5 A A

K HPLAFEN G ERE B EEMEKGC=0.215);
PRI S e AR AR A BRI A TR S 5
A TR HE 555 HH 5K

3 W R

A T A BT A 16S rDNA 20 i 8 H 51 4
B3 5 S i P8 E i PCR L RSN IN 7 5 Z: 09 4
PIK LK ANV RUE K ob 4158 2 i, 2 BUAS [R] B B T
WV K AR B R DL B S R TR &K
it AR & VRSB BTN VRS K 41
R R DB o AR A% G 2 B am e K oK,
e A3k 32 130. 51 4%, 31X 5 & 2= iy 5 1 AR —
., KK PN & T V RS, n] R R
TR B A KOK 2Lk # e AN, AR AR
ARE AR AT Wk A FH L TR IS < P9 K 22 K A 2 T 91
B F1E 0wk T FOTF B9 VSRR P BRK RN 2 8
RBEVE BT, H LA Bi5 4™ &, AERFK
LKA VO RLRE K 41 TR S R DB T A 2,
2 W Bt 2 1o ) HE A% R EE [0, K 2R VAR P 24
BRI 2 0 2 R W 30 A 34

A PN L B R S AR TR AR R AR P M RE Y
FEREY, EREEIN 6 ZEENEHREMW
M & B EE SR AT E & B2 B
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Table 6 Correlation analysis of 16S rDNA copy number of bacteria in pipe water and V-trough between
temperature and humidity as well as bacterial content in air
2K 2 VR K A0 B
7J<‘327J< H‘JET %1‘5.7J<‘!Hlil A
B . sEWR aERR o
Z=T 8 br . . R/ °C W/ % (cfux10*/m?*)
Copy number  Copy number
Season Index ) Temperature  Humidity Bacterial
of bacteria of bacteria
o ) content in air
in pipe water in V-trough
7K ER K Al T RS 5 DL 0.223 —0.061 0.124 0. 090
Copy number of bacteria in
pipe water
VL EI R NS ANE 0.180 0.325" 0.178
Copy number of bacteria in
V-trough
%%
/T —0.597" 0.031
Winter
Temperature
M/ % 0.095
Humidity
RN/ (cfuxX 10° /m®)
Bacterial content in air
K R TR 4 B PR DL 0.225 0. 081 0.158 —0.116
Copy number of bacteria in
pipe water
VU A T A DN RS DL 0.279 0. 252 0. 231
Copy number of bacteria in
V-trough
B
E/C —0.921" 0.167
Spring
Temperature
W/ % 0. 200
Humidity

2 AR EL/ (cfuxX10° /m?)

Bacterial content in air

. ¢ P<C0.05; %% P<{0.01,% 7 A,
Notes: * P<C0.05, %x P<(0.01, The same as Table 7.

BERT IR FHRERERTTZ X 5AR
GUR—E & NIRE T RUE VIR B TR A LTS
PePREE, AT RE G H B S M . MES R
Z AR X S PN I A8 AR A 2 7 A — E BT
AFRREH OB REEE R T A EMKE; 4
R A R TN A AN [ AL A T VR

e BN RSO e T 5 SRR 6 I OG L {H AR 7 i
B XL AT T B B AL R & A 3 R T R
ERMEABAEL BRI THE 1S R X e
55 3 F T IR T AN 2 MR R B, A
By R A AR K

FOCME A R A 4 JRR &R EG &N
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Table 7 Correlation analysis of 16S rDNA copy number of bacteria in pipe water and
V-trough between laying rate and egg quality traits
F B FEER/ % XA/ g HH W E/mm W IR B A7
Season Index Laying rate Egg weight Albumen height Haugh unit
K K A A R A DL —0.085 —0.024 —0.006 —0.069
Copy number of bacteria in pipe water
VU A0 T L PSS DL —0.127 —0.129 —0.171 —0.159
Copy number of bacteria in V-trough
K 2SR (cfuX 10° /m®) —0. 049 —0.131 —0.120 —0.074
Winter Bacterial content in air
Bz /C 0.215" 0.148 —0.072 —0.035
Temperature
W/ % 0.125 —0.092 0.016 0.016
Humidity
TR ZR 7K 20 TR L TR RS DB —0.082 —0.121 —0.132 —0. 047
Copy number of bacteria in pipe water
VLA A TR A DR R DL —0.170 —0.190 —0.348" —0.479"
Copy number of bacteria in V-trough
HE 2SR (cfuX 10° /m®) —0.095 —0.129 —0.162 —0.034
Spring Bacterial content in air
Bz /C 0.181 0.199 —0.106 —0.113
Temperature
TR/ % —0. 107 0.103 0.131 0. 082
Humidity

BB ERRAK 3 B E R A, Sahint
S BUA[R) JE T2 1 A R0 2R B AR ORI G B0 45 1
TRFEER., ARRPELEFTTENE 1M
5JRFAHAR VG A R W AL T 3 T R
W 7 A% 2 AR 3 R R e X A PR 2 S A
FH BRI RE AR 1R 5 R VO BLME K A T R
DRI 23 SO B 5 i IR G o I X8 7 2 R
Hh S 2 AR VOB N A IR R AT G R
P 5 R A R T R 2 R I R G AR S L TS )
AN RS R B R SRR B R &
] RE 23 B0 T8 A e DS RO Y A A . L T
Az 7 e < K 2R T AR RS AR Y[R B A
e SR X VR AT e DL A ST

A ST A, A A I R R A A ] A 4 A

FRA K X SRR EFED I RAR B KA
AR KONV IR K AR B A& AR BT Y R 5 A
Ko, 5T BRI AE R 2 R R S K ik
FL K I 23 K A5 T K s 2V BYRE P FT LA
KRR M A S i VSRR e i A R R
KK AR B R PR A DA S R TR R R s RO T AR
SEEAOC, TR B TR I HAROK Rk &R
PR AR o DT it 8 88 S 2 o8 % 7K R 7K 5 T
BNV ORIRE K A0 TR RE DY R 8 DR R R R s
TE Y R IEAM G, BAE & ) 50 R 5 B E R
ARG, 2 WY 3 P A T B8 R g ) 3 B2 T Ao R P
TR AR R A TR R A S 9 R
P 2 AN AT ) X8 R ) A A B L 3 mT L) VY
RN A E B G
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N PRI . 7K Sk 40 B A DR DL RSORT 25 <Al
TR EC5 7 2 A AR il o R A 2 R R O, SR UK
2K 15 Gl RS T A X X AR AR A R S AR X
/N s VORI K 240 TR DR 4 DL ) B AR OR AR i o
PRI RGN, Hoh 7235 2= 5 1 1w JEE e TG R
7 52 0 AR G R VO RURE N AR A s e
BN A NG A P R R X B T I B R L G
FER I LR VO BURE K AT RE 23 A 3 AL et i A A=
PERE X Al 22 BF 2 i ™ AR SIS I . 45 5 i R
TR TEL R RV FNYOK RGEBF A V ALY
(IR I ) » ToIE 18 B Z i 2 2 A 20 L 3G 56 Xt VR
R DA 22 A Y OG0 5 o SO0 R A M A KRR AT 9
175 DU I o (5] AR B B 2 0 ) E O AT — B S
(1 V RURE I T T B BRI
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