H38E  H 10 &l TR R Vol.38 No.10
296 2022 4 5H Transactions of the Chinese Society of Agricultural Engineering May 2022

& RFIF AL I E R R IBUATE I
fr B B, R, MR e

(LWL KA ARG TS ERmBEER, BN 310058; 2. ILHRHE R A2k, HIT 212100,
3. BUNBISHED RS ARA R, S 310016)

 OE: BRI E RSN RAT SRR B SR RS, A TR AR AR IR E
HERR. POSICRS W AR ], (et haE. IREAMERIR FET I, 2T RSO R
HREPAEECOE, B, ORTELTRGESRRIATIN, MR BRI f IR TR O 206
PP AL AR T RSG5 SRR, SL5 RIS IAC IR AR LU R, WA AR B (A 40 T8 i e HR B e A 2
TS WAL EE = A R R, B Se R 2 AR (P<0.01), i) T s b R R I/ (P<0.0D). H
ESOEA BT XS ERSCM I 7S B Ca JoER, R E et AL 1R vh SR e R i SRR AR 9 KU S K (P<0.000 1D, 2/
HRTCHIEEE R BRI AR XS 7, AT BT (et AR AR SR T . i T A Tt s A
FErP AR SRR AL, 9 B S (A R L A A AR A P ML O BT B8 1 — i A BB JE A

doi: 10.11975/j.issn.1002-6819.2022.10.035
FESHS: 88313 XHEIRERE: A NEHRS: 1002-6819(2022)-10-0296-07

B3R, B, FRAUE, F. RESLEMPFHPMESREMSMEMmMJ]. R TIEFR, 2022, 38 (10) :296-302
doi: 10.11975/j.issn.1002-6819.2022.10.035
Yu Yue, Jiang Jinsong, Zheng Chenghuang, et al. Effects of monochromatic green light environment on the physical and
chemical properties of eggshell during incubation[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions
of the CSAE), 2022, 38(10): 296-302. (in Chinese with English abstract) doi: 10.11975/j.issn.1002-6819.2022.10.035

http://www.tcsae.org

http://www.tcsae.org

0 5 &

AR B R A P R e IR, WAL
TR XS B B RS AR PR RE R — AR R, 2
AR A AR — H R R S A I A . SN &
AL RCR DR R AL T 5t P ER A A A AN
WA IREE A0 R L AR I R RRE SR I B A R
Wi G5 R AL ORI EE R R, AEBRIAL ™ L 2 Ak
B BO IR RS AT, EE AR KK E
MELFAFBOE IR B TR BRI . BARFLET,
BRE R B 5L 0 R SR AT VA o (A5 R B AE AL 30T 1)
BRI #a e E R 96T, LED
S5V G UR SRR AL R B AR D PR B RE AT i AL R,
Horp LED Y60 F I A Al B (i B XS IR B IR 52
MR T o

BUAWEFCR W], JEIAT AR 58 1 AL A% o X AR
IR B B Al A AR KR B s m ) SR

Wk FH: 2022-01-30 &7 HH: 2022-04-09

BETH: ERXAARERESGHEFEIHE (31902204); HRKIACR b
RIERBE (CARS-40); I B A ad ERAR R AR R BH (FE D
(2018GZ28)

EF S 18, WL, JH, BFUOT I B S TR R R S A R R
Email: yuyueoffice2012@126.com

OBEIER: PEREY, P, HUR, MLAZRIW, BRSO RN E S IR
A% Je A5 BI&AT. Email: panhouse@zju.edu.cn

LR R 3 i X JUR AN SRS T R T £ 4 i 2 ATULIAY
OIS0, e i b TR R A IR A LA L
Va ARUAR A, RN 4R 5 HES], BT mirg
JUE LA A B R R Pax7 RIS KP . AR TS24
K B SRR AL AP B RS R B AT R 4%, S5 R R IR
(GRS S e Ry R ¢ M NI = e ¢ e S el
e HERS AR TR IR BRE J0, JRAERT IR h A B
iR R FE L B LSO IR 5 2 R A R AR,
BRIMETIA R AL, b 8RS D A it RS A2 A A2 R T AL
RORMEEN R, b, HEREMNER RIS
TG RN LA TR, EEEHIIRAR R E 55
AT /KBS 0 5 T AR FE S IR 2. B RS
RYVAY B S B )E TR, TR w2 7 5fL
WEMM EAR RN RE, JFEFEATENE RS,
43 3R] DO URIB R A 2 0@iE ™ I R
FLARGE R T BE i i B A B IA B S5 AR T I A e )0, 2
EV RN, JIF H AT DR SRR ) CY. Bt
P ot Ll e RS 2 L G Ll
SR A FUIRGE M B 5 A 1R T 52 55 35 4 A
RTS8 e 30 1) 0¥ R i B 2 I ik e . 2R
FEREOTAE —E R LR R I, SRR
ETCHUE . RTINS SRR AR BT
(R ORERTERT, b R AL S MR AR R B 7 A — 8 MR
Wi, fEJG IR A R AL R, ERHGER B
B R R F LR, SRR A KA 3R DL AR



510 34 AT S BRESOEIREON IAL ThR S S EARR M K R 297

> 27-30
KEEHE,

PRI, 2 T A VR A2 T A A Rt SOt BT AL
PERE R SRR R R AR ARG IR U, AR S —5iE
o s R M EER O OGRS R,
TUER BB N R EALBRERI I E , SRR AGO0 IS
XA R ER SRR R, R TSRV AR I i R R A
CEOC IR BEAEXS H HERI A B, AR TCRIOT A B T
= A R ' B R A 7 M St ) B VR R K N P 610387

1 MRERE

1.1 R

IGTRE R H A P2 IS R 3 (54 WS, WitlRER
BRI PR A FDFPE 400 M, B EX (8] 57~61 g.
b BRI TE) P2 B 24 H 09:00, 58 BHKEIE H WK
. FREMGAL =G, SMZIFH TR ARid L
AT 5
1.2 BENESE

R KA £ (CR-400, KONICA, HA) %
BEdh 2, (2R Lab (iR, DLERUE AR
(KONICA, HA) fERFAEE, SREETIT 2 L* G
FE). a* (L-5HE) M b* GE-HE{ED) Fbt )5 ez
W AL* (AL*EIEE, W5t £7E, R Ad* (Aa*
JEIEME, WL RTE, WS Ab* (AD*RIEME, fWik;
UE, WiE) FREAR (D WHEEZE AE.

AE =JAL* +Aa** +Ab* (D
1.3 RBESHKIBHIE
AARI K NK-525 HU Gl i i 4 E sh Az il 88 (il
AR ZATIRATD , BB A B L HEA &
LED [T &M EHIE 1 fin. A LED I &% EmTH&
¥ 10 cm IS E - i 60 cm £ LED 2% (525 + 15) nm
T8 (B AR ARA A ZHEAEANET
(36 cm x 50 cm) [N 6 FTAN EFE A2 fE S5 17
R X 38, O HR AR B 2H 1R (T 2% Fh ik rp i 45 il 2% (N
BRI R A R AT AT, EEAET RS
TEHL 9 A S CE 1R B R % 4008 T (MastechMS66 10,
Precision Mastech Enterprises, H1E#FMHE) XA f T
s A KFEEASRe RN e, A RIS E R
27 I BT RTIARE S EsR e IR FU 4k
B, HEEL 120~220 1x. Y¢fE 18 h : HHEf 6 h (L 1 D=18: 6)
FIE R T A N IRAL B T 2. B 1 R i &
FIRAIAT BIE O, EFETERIE S A T 65 5
RSN E R,
1.4 RIEEHALTE
ARARI R NK-525 2450 i o 4> H 2h e s il 2% (L
KRB ESEARAT ) , L& R K
110 cmx%E 100 cm> 55 90 cmo WHALET, AL 542
RTIZAT 1S AN TAEH, I PR T B bR R B %o i
B B BEAT REIE 5 S MR o 7E FEANRIE A Ak 2% 1
e WRERN (37.8 £ 0.1) C, HXHEEN 60%£1%. 7
et FE A, AF 2 h XA B A R B AT W, DARAIE G

ARG R I BE 1 — S  7E 18 d I, SR B 25 2% (Cool-Lite
Tester, GQF) XfFhERMHATRAER LR, Pk bR IR & &
UM ER . AL, FREEMIBIE A E NETE 45°, B
[ BB )24 2 h, 18 d 58 IR B AT A 0 22 Hh AHEHE Y BEAT HA 4

BRI A
1)1 dmiﬁance E‘FE LEDAT
o .

detection point Egg el TED Bipe
LEDIT4F
W o LB i L
[{‘nlnn AR g fri’xgx 2g T
aEa s, #om
Jo bk aiatn ataiaialavats s 9% Iron stand
Phae
Iron stand
1 $£2
%Zg tray 1 %g tray 2

a. WAL BE A N OLIRAIAT B
a. The arrangement of egg trays and
LED pipes in the interior of the
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b. The drawing of egg turning 45°
during incubation
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Fig.1 The arrangement of egg trays and LED pipes in the interior
of the incubator and drawing of egg turning 45° during incubation
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Fig.2 Comparison of color change of eggshell in different treatments during incubation
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Fig.3 Comparison of content of protoporphyrin-IX in eggshell
in different treatments during incubation
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Fig.4 Comparison of content of biliverdin in eggshell in different
treatments during incubation
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Table 1 Comparison of concentration of element changes (P, Ca, K, Na, Mg) of eggshell in different treatments during incubation (mg-g™)
THE 415 KA Day/d
Element Groups 4 8 12 16 20 P
4 Dark group 1.22+40.029 1.291+0.023 1.27540.034 1.32240.030 1.453+0.029 P <0.0001
P £ 64 Green group 1.229+0.033 1.247+0.060 1.317+0.046 1.365+0.041 1.539+0.037 P <0.0001
PAH P>0.05 P>0.05 P>0.05 P>0.05 P>0.05
H 4 Dark group 0.532+0.011 0.442+0.016 0.445+0.004 0.42+0.005 0.398+0.004 P <0.0001
K £ 64 Green group 0.517+0.012 0.475+0.011 0.444+0.008 0.417+0.003 0.403+0.003 P <0.0001
PAH P>0.05 P <0.05 P>0.05 P>0.05 P>0.05
4 Dark group 4.382+0.073 4.703+0.076 4.69+0.043 4.67+0.068 4.468+0.070 P <0.01
Mg 2464 Green group 4.736:0.110 4.481+0.078 4.491+0.094 4.754+0.126 4.747+0.123 P>0.05
PAH P<0.05 P>0.05 P>0.05 P>0.05 P>0.05
4 Dark group 0.969+0.011 0.94240.026 0.925+0.013 0.913+0.026 0.845+0.003 P <0.0001
Na £ 64 Green group 1.002+0.010 0.923+0.019 0.939+0.016 0.883+0.023 0.838+0.007 P <0.0001
PAH P<0.05 P>0.05 P>0.05 P>0.05 P>0.05
4 Dark group 396.272+0.746 392.748+0.758 384.316+1.390 375.833+1.420 362.743+0.655 P <0.0001
Ca £ 64 Green group 394.782+1.418 391.395+0.572 383.998+1.565 369.523£1.12 357.429+1.108 P <0.0001
PAH P>0.05 P>0.05 P>0.05 P <0.01 P<0.01
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a. Microscope images of eggshell before binary
segmentation
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Note: [ : incubation 0 d; II': Dark incubation 20 d; III: Green light incubation 20 d.

b. AR R B G
b. Microscope images of eggshell after binary
segmentation

c. SEALHT R E LB A
c. Difference of pore area of eggshell from start to
finish of incubation

A5 ARG R T EMES, ABRGETE & T ILR @R AR
Fig.5 Microscope images of eggshell before or after binary segmentation before segmentation, after segmentation and pore area of eggshell
from start to finish of incubation
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Effects of monochromatic green light environment on the physical and
chemical properties of eggshell during incubation
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(1. School of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310058, China; 2. School of Grains Science and
Technology, Jiangsu University of Science and Technology, Zhenjiang 212100, China; 3. Hangzhou LightTalk Biotechnoligy Co., Ltd.,
Hangzhou 310016, China)

Abstract: Incubation is the last step of the whole breeding for the better performance of poultry production. Among them, the hatching
rate and healthy chick rate can be always considered research hotspots in the field. Particularly, lighting has been one of the most
important environmental conditions during poultry hatching in recent years. Cold light sources can be used to regulate the hatching,
including fluorescent lamps and LED. The light environment can be tailored for the eggs breeding during the hatching process.
Alternatively, the LED light source can be used to explore the significant influence of different monochromatic spectra on chicken
embryo development and growth after hatching. Eggshell is an important medium of gas exchange between chicken embryos and the
outside world during chicken embryo development. The eggshell can be antibacterial to effectively resist external physical damage.
Meanwhile, the structure and morphology of eggshells are also important factors affecting the development of chicken embryos. As
reported in previous research, the performance of hatching depends largely on the physical and chemical properties of the eggshell.
More importantly, the monochromatic green light irradiation can shorten the hatching time of breeding eggs, leading to a higher
hatching rate and the anti-stress ability of chicks. In this study, the fertilized eggs were treated with the monochrome green light by
LED lamps from the two sides of the egg tray during the whole incubation process. Specifically, the illumination period was L:D= 18:6,
and the illumination intensity was 120-220 1x. The influencing factors were monitored during incubation with the monochrome green
light regulation, such as eggshell color, eggshell structure, pigment content, and element content. An optimal mechanism for the chick
hatching was established under the monochrome green lighting. The results indicated that the incubation environment of
monochromatic green light promoted the adaptive response of the eggshell. Also, the surface brightness L *of the eggshell decreased
significantly (P < 0.01), and the decomposition of biliverd in the eggshell was inhibited (P<0.01). In addition, the monochrome green
light was beneficial to the absorption and utilization of Ca element in the eggshell. There was also a significant increase in the
weathering and the pore area of the eggshell surface during hatching (P<0.000 1). Consequently, the enhanced permeability and heat
dissipation of eggshell were achieved to improve the hatchability for less mortality during the hatching process. This finding can also
provide the promising prospect for the better hatchability and utilization of monochrome green light in the incubation industry, as well
as promoting the coordinated development of the poultry industry and energy conservation to enhance sustainable agriculture.
Keywords: light; physical properties; chemical properties; monochromatic green light; eggshell chroma; eggshell pigment;
pore area of eggshell; hatching
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