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Study on sweet olive to develop as health food materials
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Osmanthus fragrans var. thunbergii; 2 4 Osmanthus fragrans var.
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ERPAIE Sl
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Effect of Zearalenone antidote on the in vitro maturation and subsequent
development of porcine oocytes

Yu-An Lin

Abstract

The purpose of this study was to investigate the effects of zearalenone (F2 toxin)
and zearalenone antidote on in vitro maturation and subsequent development of
porcine oocytes. From the local slaughterhouse, the ovarian follicles containing more
than 3 mm were selected, and the cumulus-oocyte complex with more than 3 layers of
cumulus was selected and tested in a random selection manner. Experiment 1. To
investigate the effect of zearalenone on the in vitro maturation and subsequent
development of porcine oocytes. The results showed that the oocytes were cultured in
M-199 in vitro culture medium containing 0, 4, 8, 16 and 32 uM zearalenone. The
maturation rate of oocytes was 83.5% and 78.5%, respectively. 40.0%, 38.0% and
24.2%, when the concentration of zearalenone was 4 uM, the maturation rate of
porcine oocytes decreased significantly (P < 0.05). In vitro fertilization test: With the
increase of zearalenone concentration, the fertilization rate of oocytes decreased, and
there was no significant difference between the 4 uM group and the control group, but
the 8 uM group was significantly different from the control group (P. <0.05), the rate
of multiple spermatozoa increased with the increase of zearalenone concentration (P <
0.05). Embryo development rate: embryo development rates in the 0, 4, 8, 16 and 32
uM groups were 77.7%, 37.9%, 26.5%, 15.7%, and 7.0%, respectively (P < 0.05),
with zearalenone As the concentration increases, the embryo development rate
decreases and it cannot develop to the blastocyst stage. Experiment 2: To investigate
the effect of zearalenone antidote on the in vitro maturation and subsequent
development of porcine oocytes. Cumulus cell proliferation test: The ratio of cumulus
cells spreading well in the 8 uM group was 10.9%. When the zearalenone antidote
was added, the ratio of cumulus cells spreading well was 37.6% (P < 0.05). The in
vitro maturation test of oocytes: the maturation rate of oocytes in 4 uM group was
41.2%, and the maturation rate of oocytes after adding zearalenone antidote was
66.7% (P < 0.05). In vitro fertilization test: There was a significant difference in
fertilization rate between the groups, which was the lowest in the 8 uM group (P <
0.05), and the multi-fertilization rate was also highest in the 8 uM group (P < 0.05).
Detoxification with zearalenone was added. The agent has an effect on the
fertilization rate of the oocyte and the rate of multi-fertilization. The embryo
development rate was the lowest in the 8 uM group and the highest in the control
group (P < 0.05). The 8 uM group stopped growing to the morula stage, and the
zearalenone antidote group developed to the blastocyst. Based on the results of the
above tests, the concentration of zearalenone was 4 puM, which affected the
maturation rate, fertilization rate and embryo development rate of oocytes. Adding
zearalenone antidote to oocytes Cell maturation rate, fertilization rate and embryo
development rate are all improved.

Key words: Pig oocyte, In vitro maturation, Zearalenone
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Table 1. Effect of zearalenone on porcine oocytes maturation in vitro

1A ARG ARLT 2FE B)  F- RREAH FRTH

LR R LES e ¢ Hp PR ke i # (%)
(L)  %of GV (%)
(M) (MeantSE) % of oocytes
No. of % of Met | mature to Met

Zearalenone

concentration X ES (Mean=s8) (MeaEiSE)
(4M) (Replicate)
0 96 (3) 5 (5.815.3)° 11 (10.746.3)> 80 (83.5%1.9)°
4 79 (3) 8 (10.1£2.1)° 9 (11.4+3.9)> 62 (78.5+2.0)°
8 95 (3) 42 (44.3+8.9*  15(15.746.1)" 38 (40.0%3.3)°
16 84 (3)  35(42.2+11.9°%  17(19.8%9.4)"  32(38.0+2.9)°
32 75(3)  19(25.5+15.7)®  38(50.3116.4)° 18 (24.2+2.7)"

abFiFEYEARE2FA AT LG M LR (P<0.05) -

Different superscripts (a, b) in the same column indicate statistically significant difference (P<0.05).
MeantSE : T 315 + L8 & 5 GV (Germinal vesicle) : # % e

MI (Metaphase I) : % — =t #ics 2 ¢ #  MII (Metaphase 1) : % = j#ics 2 ¢ #) (R P2 mie)

2 2 A FARGBER T we WA IR BF
Table 2. Effect of zearalenone on fertilization of porcine oocyte in vitro

IOl AEGER X2 S RPH i XA mie S ik (%)
kR 2 % #ic i (%) # (%)
(uM) (£ 4 %) Polyspermy (%)
Met 11 (%) Penetration (%)  (Mean + SE)
Zearalenone No. of (Mean + SE) (Mean + SE)
concentration oocytes

(LM) examined
(Replicate)
0 89 (3) 73(82.1+0.8)* 59 (80.8+2.5)* 29 (49.1+3.8)
4 79 (3) 62 (78.5+2.4)* 50 (80.5+5.3)> 35 (70.2+2.7)°
8 82 (3) 44 (53.7#1.8)° 27 (61.3+1.3)° 24 (88.8+1.3)"
16 74 (3) 35 (46.7+6.1)° 20 (56.245.8)° 18 (91.7+7.2)°
32 75 (3) 16 (21.3+1.6)° 4 (24.4+7.7)° 4 (100.0+0.0)*

abcdriFYEAIRPE>FAHEATEG N LR (P<0.05)-

Different superscripts ( a, b, ¢, d) in the same column indicate statistically significant difference
(P<0.05).

Mean+SE : T 5 + L4 X
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Table 3. Effect of zearalenone on development of porcine oocytes matured and

fertilized in vitro

ER S SIS Ay g T Kk 2 izl (%) Al Fadk (%)
kR e ik (%)
(uM) (¢ 4F #) Number of 2 cell (%) Blastocyst
embryos (Mean+SE) Morula (%) (%)
Zearalenone No. of development (MeantSE)  (Mean+SE)
concentration oocytes (%)
(1M) examined (Mean+SE)
(Replicate)
0 85 (3) 66 (77.7+1.7)* 32 (37.745.8)*° 2(2.3%2.0)* 7(8.2+1.8)
4 87 (3) 33(37.9+2.2)° 12 (13.74#55)° 1(1.1+2.0* 0 (0.0+0.0)°
8 83 (3) 22 (26.5+4.9)°  9(10.6+5.3)* 0 (0.0+0.0)* 0 (0.0£0.0)°
16 82 (3) 13 (15.7#3.2)Y  3(3.6+3.5°  0(0.0+0.0)* 0 (0.0£0.0)°
32 86 (3) 6 (7.0£0.4)° 2(2.4+2.1)°  0(0.0£0.00 0 (0.0£0.0)°

7 g7 AR E~ 34 (@abcde) § > AFEF AR (P05

data within the same column without common superscripts (a, b, ¢, d ,e) indicate statistically significant
difference (P<0.05)

Mean+SE : T35 + £ 1

24 LK ARG RS RER TR oo 2 00 e R BF
Table 4. Effect of zearalenone antidote on cumulus cell proliferation of porcine

oocytes
i w) = ¥ P Bk Ea 247 (%) i (%) £ (%) &4 (%)
(£ 4 ) (%)
Group Very dood Good Poor \ery poor
No. of Excellent
oocytes
examined
(Replicate)
Control 93 (3) 35 32 13 13 0
(37.74¢2.0)* (34.4+3.8)" (14.0£2.4)" (13.9#1.1)°  (0.0+0.0)°
zearalenone 92 (3) 0 10 29 21 32
(8uM) (0.0£0.0)°  (10.9+2.1)° (31.5+1.7)* (22.8+2.5)% (34.8+1.7)°
zearalenone 85 (3) 16 16 28 15 10
(8uM)  + (18.8+1.6)° (18.8+2.3)" (32.9+2.5)* (17.7+0.4)° (11.7+1.8)°
antidote

7 g2 AR E Y 34 (@abc) §o ARG M AR (P<0.05) -
Different superscripts (a, b, c) in the same column indicate significant differences (P<0.05).
MeantSE : T2 + R4 5
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Table 5. Effect of zearalenone antidote on porcine oocytes maturation in vitro

FedR e Ltz r Aol (W) F- AREAH SRR me
Treatment 2 ‘m P #c ¢ Hp PR e B #ic (%)
group (£ 4 &) % of GV (%)
No. of (MeanzSE) % of oocytes
oocytes % of Met | mature to Met
examined (MeantSE) II
(Replicate) (MeanzSE)
0 88 (3) 3 8 77
(3.4 £ 0.3 (9.0 £ 1.4)° (87.6 £ 1.2)%
8 uM 85 (3) 37 13 35
(435 + 0.8) (15.3 + 1.3)° (41.2 + 15)°
8uM+ antidote 84 (3) 10 18 56
(11.7 £ 3.2)° (216 + 2.1  (66.7 = 1.3)°

Fi7e #icdp? EApFE=F2 (a,b,cC) HooAmEG s LR (P<0.05) -
Different superscripts (a, b, ¢) in the same column indicate significant differences

(P<0.05).

MeantSE : T35 + {£ 848 %

GV (Germinal vesical) : 24 %2

MI (Metaphase I) @ % — =< jfdics 4 #
MIl (Metaphase Il) @ % = =t jpi s 4 @ 3P
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Table 6. Effect of zearalenone antidote on fertilization of porcine oocyte in vitro

Eaw X ¥~ = 3 PR P o A N 50~ P (%)
Treatment *im s i (%) & (%) .
group (£ 4 %) Polyspermy (%)
Met 11 (%) Penetration (%)  (Mean + SE)
No. of (Mean + SE) (Mean + SE)
oocytes
examined
(Replicate)
0 85(3)  73(85.9+0.8)* 59 (80.9+1.7)* 28 (47.5+0.1)°
8 uM 82(3)  32(39.0+2.2)° 17 (53.1+4.8)° 14 (82.4+3.3)
8uM+ antidote 89 (3) 58 (65.2+1.3)° 38 (65.6+1.0)° 20 (52.5+2.2)"

abc ke ErAprF*Lply 3t £ 3 (P<0.05)-

Different superscripts (a, b, ¢) in the same column indicate statistically significant
(P<0.05).

MeantSE : T35 + L& X o

27 RXARGMAERHRE O v WP LIRS LET LR
Table 7. Effect of zearalenone antidote on development of porcine oocytes matured
and fertilized in vitro

A R A T Mk 2 wrede (%) & ik & r ¥ (%)
T fm e e (%)

Treatment (£ 7 ) Number of 2 cell (%) Blastocyst (%)
group embryos (MeanzSE) Morula (%) (MeanzSE)
No. of development (MeantSE)

oocytes (%)
examined (Mean+SE)
(Replicate)
0 88 (3) 75(85.6+2.3)" 13 (14.8+2.7)* 8(9.1+2.1)* 11 (12.5+2.3)*
8 uM 90 (3) 20 (22.2+2.1)° 11 (12.2£1.6)* 0(0.0£0.0)° 0 (0.0+0.0)°
8uM+ antidote 89 (3) 37 (41.621.7)° 11 (12.4£2.1 5(5.6£1.9)° 4 (45+19)"

abckFFYPEIRELFA LT

Mean+SE : T 5 + L4 X

4 gkl

£ A3 L8 (P<0.05) -
Different superscripts (a, b, c) in the same column indicate statistically significant (P<0.05).
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B 1.d BFHFEw2 P (1)
Fig. 1. Ovary retrieved from the slaughterhouse (1x)

.4.
|

B 2.p P K g ¥ jg2 P - e 4g £ 88 (400X)
Fig. 2. Cumulus-oocyte complex recovered from porcine
ovarian follicles (400x)
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B 3. “FPF P PHEETHA; (400%)
Fig. 3. Condition of cumulus cell proliferation (400x)

Bl 4. % 7 3| & SarE B e (400X)
Fig. 4. Development to blastocyst stage of embryo (400x)
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Optimization of solid-state fermentation parameters of Bacillus
licheniformis and effect of protective immune response in broilers
by Clostridium perfringens challenge

¥ Fv‘?";"‘ %‘fi*ﬂﬁ'{ﬁﬁﬁv*ﬂﬁi%‘flf
A N =

¥ 2 % 37 4% ) (Bacillus licheniformis) » #4353 % £.% 2 7 fé(general recognized as
safe, GRAS) » ¥ % T3z s f2 AR B L * 8 gy > TP % PR A4
SHRER o drde it Fd pF & Fod pF % (Sarker etal,, 2013) 0 B 3 v prdp i 2 T
e i AR B R ARA TS S SRk R B AR B R
7% (bacteriocin)(Farzana et al., 2005)#t » ® » £ 5 & @A) % ”k(llpopepetlde)m
it 3 0 dek 2 & (lichenysin) 2 4 & /5 1+ % (surfactin) % (Yakimov et a I, 1995) -
g4 FLE dp i % FatEE: A EEEL T :}w%» 2 fEA G2 ﬁ‘b(Arena
etal,2006) ° % & B E 2P £ S TR LR FIF R A AL L 0 Aof F
$ AR (Sumi et al., 2015) - 32 & AP FEER -~ § Rfr s B 2w L4 b
# @ &A@ (biosurfactant) 2 2 ¢ & 3 & & <% * (Makkar and Cameotra, 2002) - 7
BHFEF* R T ARATHE w3 sz A RAefppieirt g
# f%(Zhao et al., 2008) » fe %W HE wpF TR EREERAT B 0 FEEK S FLE
R FA L LiE S L&ﬁ%ﬁ%ﬁﬁ%ﬁ@%%mﬁbﬁi’fL%%ﬁ%%
IFEPEFEORETRKASZE AT EP DLFE AT RN ﬁ&@‘/}% N
FORAFTArAzhe ok A B it 2 iR o 2 FE 2 RE AR o TF I
AT X EFRE o A 1TTA 2 2 FlE ~ S0 R o R BLRIRE -

B (2 B A1 AE)

TR R T REE S LT G AR Sp L2 LE R R
PR EARAEELET o ERAHEY SRR FEF o TS R
7+ 1455 L (necrotic enteritis, NE) » P - EwEE A - 490 F
BSREE 2R FAFECPEY BB LAAERL ARE TR
= F b A3 & R FALE § % %K F)(Clostridium perfringens, CP) = & % # i 3
RO RS E S EAREL ¥ 0 7 Avand FIE IRl Aok

CE TR 2006 & ¢ %mwlL%mi%fJ§4t’ﬂ‘f$_F'%, R T R TI
oI E Kd ﬂas,j%ﬁ%#;;g’a >a et o it FEpL @ ek £

BB R g2 FHREE TR 5 paI  ER B RS A F 0T
EicA Ry e e > X L F 2 F(probiotics) > G 1 o f1* 2

= R
e
h? )
fo
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"’W%' FifEz frihid 2o 5 N 2 B FEME A FEFE N 2 FIP 0 E MR R
2B T B2 S R TN R BB o
Ir-i s ?ﬁ WBARY A A A A (KB f?‘rf_Jﬁ %ﬁp"p{%}‘f%’}f ,4 E’"*"“’—’%iﬁ ?j’;]:gi{;?,
Nglk‘* FrEap et R "f R T RIEY AT ;ﬁd % ap pH E KGR
4 F]\i%]—g‘o >4 B—]Tﬁ«'\é‘p{':‘ P EHEAE RPN S o Fﬁg,ﬁ L %
%iﬁwk-ﬁk; el ¥ e~ 5 A pE(lysozyme) ~ FEE 5 SE AR R~ i R RiE 2 LR K
FeE o d o PRI FE(colonization) t HE f A g 0 g A S S BEEE 0 A A
LH»* o F 4 F-7 4% F/EBacillus spp.) e AR L * o dede X T 3w R
(Bacillus subtilis) i * *+ @ 5L 2 & So B X T2 & FARGAPIT2Z B & 5 38
ﬁﬁ?ﬂwxﬁw’jfaﬁzﬁw*ﬂ%*?*”%ﬁméé’vzi%@aﬁw%wﬂ
oV AR A 4 B G /gu AR EsrR Y il 2 F 4
Florm A E B i H Z‘\?*?’f—&rlﬂs ARG e D R
¥ A 5 A § %K F AT AR ehsk F“% Kzred o PF - HRFER
PITA B A FABRY LR

PR
- REE AR EE

By i A BE B L gAY e > 99 mL 7 0.85% NaCl
431‘1:%‘]’}» VIR E AR 30 A GH-FRLA 5 > MR LE AT T AT

107 448 o B~ 1 mL 1074 it & Mﬁ% Bire 4t ~ 99 mL A”ﬁ 0.85% NaCl &
Ak 2 h e EEAF 3 AT 107 f0 0 i s U - R
TSA agar L4535 % AL B 20 60C %4 1 iR ik > B~ 1 mL# i A ¥ -8
RiA AT o L MR TSAagar » #5338 & @ Fik & TSA agar 32
JRE o F Agar EHEEE ~ 0CHA#HFRE 18 ) F ot x EN2
4 30-300 T A K 0 B0 BT 4E B bl BT B E 2 N e
(e T ERTERFHRFES ExF ERRE,
mL)=__ CFU/g-

B2 I e T Bl B L g A 4 4 ~ 99 mL F 0.85% NaCl &
Pk g 430 4 4 %mmﬁﬁha’wﬁ%a?mgﬁé“ﬂ1w
o Rfeiz g 2l B0C kgt~ Bl 5 10 ~ b e Sl > 2l
3 p dokid fres 1mL107 5 A A 4 IR i e ~ 99 mL £ § 0.85%
NaCl & J'k » % % 5 ¥ A F ¢ FE 10741 - rost i S oI -
¥ # TSA agar T 5 % A B 60CHA 1 iR > S~ 1 mL A
FAFRL~ sk o L sl i TSA agar > kg % x € Fi 2 TSA
agar ¥93 i & o % Agar A % ~ 30CH A HEE 18 [ o E 2o
1057 30800 B b 0 BNTECT R S ae e 0 e A
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AT (R AR T R e 3 E)I(F R ARG X EERE,
mL)= CFU/g -

BN R A2 1 F T

ARk B 1gE A 4 » 99 mL £ 0.85% NaCl & F-k » e 7
330 A4EH-FHLA B g o R fris g 2 52k B 80 ~ 90 ~ 100°C ki
AW FE 51015 A4 o P REAR MR 75 p Kok g FP ok
NERILRIR KRG RB R BZER RFRIESTEER Y
o PR RERE P AR Tl DA RORA T A HASE
LHPEAYGHE I HILEMAS § FE 07 2R EEE &
B2 R E R w S (B FER (X BRI 2 FEkE )X
100% -

AL RS B L g B A 4 » 99 ML PBS & Bk 0 MR T 4 30 A 4
MRS IS LA B L E AR FE 107 e pel 01% Fv it
-k (peptone water))2 3.0 M BEAFpH2 34> # 4 8B~ 10mL 7 k&
i hded Ukt ¢ o i e (PBS) AR 107 B B~ LmbL A 54 » 3

I ki ek E poo R B8 & 4870 30°C 0 160 rpm/min R 5 & 30 B o
$R S 1 mL BEE R R ik s » AP PH 0 0.1% 35 ok
POoNpRIEET RERA I E oM ARIFEEAS Z FHE 10-3 45
RRAFBRE R 2 RE AT FE S (Bl AR )(A SR e
522 R )x100% i 7 5 -

e aR I D B 1 g A e ~ 99 ML PBS f& Bk o 1B T 4L 30 4
BB RIE 0 B H L FEAY AT 107 A uE £
# 019 0.2% - 0.3% & (oxgall bile) 2 ki3 i * i 4 £ B2 0.1%3
Bk AIEEEAL S FE 10T RRAFER R 2 R
HF R o 3 S = (M T2 AR /(R ek AT 2 FBcE )x100% -

I BT ERC R 4 o R A A

FrF| Bl A e 0 @ g o R A Clostridium - perfringens ATCC13124 i®
S AB AR F Y GAM & Rt 37T C % 24 | PEE Y o B
1 g4 s Ad 4 » 99 mL 0.85% NaCl & ik » BiF 446 % 30 A 4R &35
3 RERRBF ¥ AR kR 2B pxd] % vt & k(@mpicillin) ~ % %
# & (enramycin) iT ¥t PR o i@ * B A4k AR 2ARE R Er P o TR
%45 % 2x10° CFUIML 2 & § % %4 F¥ GAM agar 325 & & @) » 13 %
oo LA grR- A 0 R~ 150 L A SR SRS R0 F
JtiF2 GAMagar 2 %% ¢ > A § @ W H A E »RF 4.37°C % 24 /)
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PR B E B < ) o % % Mo R F Staphylococcus aureus
BCRC10780 i & Fr Bl = [ iR * > @ * LB &g 37°Cxx % 18 /)
PEiE it o B~ 1 g A 47 4 » 99 mL 0.85% NaCl & F’k » R %4 % 30
AERENEE o RARKEF Y R A RIRAE LRI F T
(ampicillin) (-8 o @ * & Fbft B2 2 2E B E e P > TR R
9 2x10°CFUML 2. 4% ¢ § ¥ A LBagarso3 R & |~ 2 % 4 o &
BRZAV I “,% » £ 4e » 150 pL 3 % A& 47 % & Ampicillin »* 7 3 3¢
2 LBagarss %47 - &% 7 FERENITCRE 24 | > B
*]ﬁ]_g] Y ,J» °

Tricine SDS-PAGE : 5 A #p B P Zamiz e X EN R > fe ¥l 15%
ke VR RE (F A5 -k ~ 40% acrylamide/bis ~ 3X gel-buffer ~ 30% APS ~ Glycerol
fc TEMED) » # A W ARGl L &% 8(F 4k~ 40%
acrylamide/bis ~ 3X gel-buffer ~ 30% APS fr TEMED) - 39 & {& % &
sample buffer (1 M Tris-HCI, pH 6.8, 50% (v/v) glycerol ~ 10% SDS ~ 1% BPB
e 2-ME)iR & & > 3% 100°C 524 ) Sv A% > B-F Rk ik » 9 7 6 fioengt
oL TORPFEFTAYN 2044 FRH Y DEFRELR - 21 1
ik s 120 REFE DEF FERMET S RN NEFEI 2T .

4% %2 HPLC &~ 47 %8 ' 8 5.2 5 A&J2  #-10mg £ & 2 (surfactin >
Sigma S-3523);3 *+ 1 mL methanol ¢ - £ 4#F# 2 > 387 Fik& » I

HPLC & 2 & - B~ 5mL Fig & #pkie > & 4°C™ > 12 8,000 rpm .
20 /480 B~ ik ok BEGE ®.3 pH=2405¢ & 4°CT » 12 8,000 rpm #t
o 20 B A BTk o kT S ed e R o Be i e 233 5mL 0
pH8 NaOH -k iz ? » 3 ‘% ARFROT P ot h iR E R IEBRRH

PR {5 B /}&ﬂﬁ“ﬁfﬁ' Wit endowm % -2 5mL s methanol %% > & 0.22 um
Wip B ie > { ¥ i&{7 HPLC » 47 - 41 * Cosmosil 5C18-AR, 5 um, p &
4.6 mm x 25 cm > 2 Acetontril : 3.8 mM Trifluoroacetic acid=4 : 1(v/v) & i+
Peote o i 5o lmb/mins A&7 PFR 30 4 480 L~ 4 100 uL > & 210 nm
A E g it T g 7 HPLC 4 47 -

T~ B3t AR

Wk % % i v Statistical Analysis System 9.0(2005) i £ i& {7 & 7 0 12
ANOVA H 7]+ %= 2471 > £ 1% BRH < 37 % =x ¥ 18 p| ¥ (Duncan’s
New Multiple Range Test)!“ # & a2 A B 2 B F M > & - FShficE T
o+ £ (Mean £SD) # 7 > BEE-RE L 0<0.05 -
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o
L% R 2 5 iz 4 FEs 358

N E AT e~ B R G2 RS > B IA RS @ 5% 5 Ak
BB 5 NI AT VRN FHRE T B RS A AR o ¥
AR R b R RSN RMFLE A B ER 22
BAIRLI-AFIFERE- 3 5L o & Zhao % (2008)i * Bacillus
licheniformis & {7 sk F ik % ffidsk 2 B R B st 1kg AR ¢ - g o 7 te S
2 ATV FTHEZ EBRSE 0 34 35%4 £ o & B. thuringinensis # i
W EEs 74P 0% % (Devi et al., 2005) » F]pt 42 €pcd £ 1 H AR 4 ¥ A ifﬁl %L
WA o B R SF LR “T*t 4%-6%%H 5 A=V FIHRF 2525
FRAFRFAEE S RSN FRHAAT S Fak I F I -

2. F Ik F REE 2 Vi FEEL B

R IARURZER Y Fb %y 5B FIRE A&k a2 S EREY ¥ R
SFEARE ERNE S FR I E L A BB B LR T E L T
PARHREAAET FF R 0o B IBREK SR T AFFEAT Y K4 10 %+
EAE 3UREA BAF T H G mu] > 504 Bk 6 %R B e G B 4
AR T B FAR oV A IR 6% L euk )ty BalEFLR o
= Bacillus licheniformis & &z &s&® » AP H4c b %2 7 4 24 %A &
(Zhao et al., 2008) » @ % d\éﬁ%"r e 3%Z 6 WpEF AR B N G AR Y B
B ARY  F 2 fRY P/?J‘—ﬁc 10 %~ & 407 B ¥ & B FE © Klers % (2000) 1 *
Bacillus licheniformis 4 fif < & 41 24 /| P57 3 4v F#icd » & 7 4c I 10° CFU/g -
-%i’ﬂ\éﬁ.%i,j:ﬁ?s%d < EaF AP gk o gt 1 4 Bacillussp.® 3 »cfl* B o4y iF
PE R

3. F A Aok A e & T e F AR BT
s f;:‘]ﬁx;ﬁ’* £ -k &t (water activity, Aw) + %%+ 0.7-0.9 @ AFHEFREY  wmFE
Flr AFe ARG F P EE RS T AT U F R Ak N AL £}
*’#Ef’ﬁ? o REEFRWRIF A Ak A 0% TO%FAEE 2 Kt > B 1C AT
45 %% 50 %A~ 4k 5 AR F B 2 FEcE 0 45 50 %dmde ok A B F B T
H i & % o Prakasham 3(2006)% feipgh® > o WP PRz Ak T ER A
B F g v o L - z[ﬂm;ﬁﬂ PR R j\gq—g%; SE T i R g
ﬁp«}\/w\gfé_v GERAE AT A s R R A BT §
) % ﬁ;:_ﬂ'puk .

!

e

3
4#?*

4. 5 p RLEREE & T I pﬂpﬂ@:& % 5 fiez BAR
l% * g0 ig 'ﬁpé‘%}ﬁ’»_&“‘ 7 ]1_,. |;l:' ]?ﬁ s _‘l-.'
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%%ﬁ§¥%ﬁ*ﬁﬁ“’ﬁﬁ€¢%¥ﬁﬁ’%&iiw%o@ép;a,@
fa % p% Bacillussp. 248 /| g pk e ¥ 2 Wl % £ 2 F#cE (Kierset al., 2000) - 2 A
Bl 1E % % Bor ﬂhﬁz LAETEAP CBPHER 2 AEM AL L6
PRI EEFLAL S VIR IKIFMBIAIN I ZERAYLE RS >
6 pwprs L5l 457x10° CRUMG » o 3% 2 % 4L 877 & im b P8 115
w’%ﬁﬁbﬁﬁﬁ%ﬁﬁmwé,uﬁ@pﬁﬁ o@@;pma,wci%
¢ 32 % B.subtilis4 p 15 $d £ gue 3 ge(Williams et al,, 1957) « ¥ ¢ » 4 fi
’s}*ﬁi?@fg)ﬂ’ Monteiro if:i(2005)ré T2 oA P gEE 52 P BT 4 A 4.2
w%mﬂyCRWiiﬁiﬁ’ﬁiﬁ%ﬁ;&ﬁﬁ,ﬁ%ﬁ@%ﬁﬁﬁﬁ%%
PR EEGERRREERT R < 291 £ R0k - Zhao F(2008)i¢ *
B. licheniformis it {7 7] & % fi% 48 /| P 7 4 %l 1.7x10" CFU/g 2_ 32 + #c> f 3+ iF
Hamier 1k 2 #pA Y LRETALATY L RARE AFWTE o
FEP T AR RARR 500 AT S LR kB Er NP ELAR T L
FA AT AMAR A EAEH LT TR e T

5. 7 P AAFES, BB TGRSR

M2A G5BT aB B 5BT 4P 2 60 FMPFLie T8 HEF 2P F
Fooow e P 100% 0 © 2 pFRES v CE R o A RS @l p
6P HMEFT D I PSSR ERE B YR BT T
ﬁiﬁﬁ%%@mmm1W&SMWM%®°9W$?ﬁ“’ﬁ4“%??§@
Jeenib il S fFul LG ¢ K- & o R (coats) 0 T A BRI B RBL R 2T
o T E PR J& 7 % (Nicholson et al., 2000) » @ f % ;é‘%?’v-“’ﬂ * G 3 ﬁ
F7 A ER F IR AR BT afiB A 95T L B 0 A 7
MW o

6. % P FAE Y WAL ARG AR
Rl 2B SG% k4 p 2 6p #pps ampdrk HMEF 2P #05F » #9A6
p @ pE4~ >t pH 3.0-4.0 ‘F”K'v’ Z7100 %rcEF o4 p s i 99 %2+ o B 2C
Bk T > 01 %03 %2 EEY g gEFLAR D Lew et G o
PI70 %0 A 5P AEE SRR G o BEE S T PR
B R F A AP E A L2 R o TR ARPREFEE A DR T
(Prasad et al., 1998) > A :2ZiF F 2 ¥5 e @2 X 47 * RiITG F Ry
¢oihk & 5 34 AT A 3 T 5 % g (Hyronimus et al., 2000 ; Park et al.,
2002) o tededr F P 5 p M pH B2 % R EF L Ay Y 23 FRR
% f2 73k (Holzapfel et al., 1998) » p* 5 %5 ig B2 — » M pH B % i = + § #eenjic
4 45~ (Kimoto etal., 2000) » ¥ “b > &5 :E ¢ 55 "8 > BRRAET € PiEB
fRF e 2 P B HcA pom 3 or r]—r (Keele and Neil,
1965 ; Floch et al., 1972) » F]pt § pags”
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€78 b &4 & % (Succi etal., 2005) -

1. B Y AR

FISASEMT » W R BERFFAY > & FFALFMES, iR E &5 #4
&+ ¢ # % 5 A (Staphylococcus aureus) 2z >z % » 5§ ¥ F AL 4~ < #ic b 2 o e
BlAg F gk - B 3B {r- 3C g% &m0 A F & "3k 7(Clostridium perfringens)#r
Fleddk » ¥R I 4P 6P ERES G I EE > U A6 BREr T HERE -
L AR p BB A B licheniformis ¥ 2 W ag v w F{E & F
(Bacteriocin-like substance, BLS) » ¥ #+3* S. aureus £ 7 & ¥ #rdlsc% > fdd 05
Midk s BT 2wt o 9 A A pH3.0-50 7 7 80%14 b s iAo iR
My R L% 4 4 B, osubtilis ¥ & ¥ ## 4] Clostridium perfringens -
Clostridium difficile » i ® $#5 83 &% 2 3§ & 5 &< {+(Teo and Tan, 2005) -
532 1% B 47 % 4 Fl(reporter genes) ¥ R F L G 3 5 RIS ¢ T
(DNA ; RNA ; protein) & = ~ fm*z k& ~ *3 %% & & (Shobharani et al., 2015) - @ ®
Alvarez-Ordonez % (2014)3# % % % 45 &1 B. licheniformis #t3+ & WA B R
(gram-positive)#r#] s % fuif o P B A EHR B E - R o

8. iﬁ‘,;;—]”;f;a B A4

BAgEBrr+ 29 14kDaf P& ~FE > Foe rfff L 9h
4kDa T o ¥ el S aureus e ¥ b o T Iz s R ATA RIS X R P @ 4
¥ ¥ 1% 7% (bacitracin) ~ % & &1+ % (surfactin) ~ # 2 % (lichenysin) ~ & = ¥ %
(iturin)f- & & # (fengycin) » 4 3 £ %+ + % 1.0-1.4 kDa = + (Yakimov et al.,
2000)c F]pt AR SR IFHIRFAS FAF £ 9 14kDa i T o #- - #H 27 HPLC
A7 o Bl 5 cBl 6 5% % B om > ¥R surfactin 1R & 7 @l £ 210 nm A7 iF
WO AE PR FT e FEFBERH S ERE A ek
PR k- surfactin 28 - FE AT F &% S 7 & B. licheniformis
ATCC10716 » ¥ A # surfactin = R4~ - ® ¥ Pecci & (2010):#5% % % ¥ ¥ 7wk
At % C15 surfactin o

i
FLIHPTRRV I R 2 TR EHALFERE 28 5%F 410
%~ &40 ~3%pE* 4 o 50 %A 47 K E 24 {0 6 X F ALY B R F Fe F B AR
LA 4o W BERGER S R BT S 2 T R AR S LS G L B
e BB cFFRRY CTRBRINPEBIHESITEACAF AERFAS T
FrgliEr S JRBIT A R EEF RS L - S ABH o MEERAR T LA R
FEHATA FH A AR > TR E T AR IEB AR ITRY 2 E F o
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6 Days

2 Days

Enramycin .
4 mE mi o

Amplcilin
% 0.01mg/ml

6 Davs

B3~ 4 2 ¥ ao FALS fd 2 Fpi 4 -

(A)7 lesf s = fc2 ¥ 2 Yo R #F B £F ¢ § § 3 (Staphylococcus
aureus)shd i 4 0 & vt @ Hh(ampicillin) 5 & 4R o (B)F b 3 B X dez s 2 T
@ A E S A F %O A (Clostridium perfringens)snf /i 4 0 % ki
F(enramycin) 5 t e o (C)F o X B2 ¥ 2 T B FHALFFIHES
¢ ¥ % =k ) (Staphylococcus aureus) s fFae # % vb & fk(ampicillin) & & $F 78 e o
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Establish the design standard of fog cooling system in greenhouse and the
development of its controller by water vapor deficit

Yu-1 Huang

Abstract

Conventionally, the amount of fogging for greenhouses in Taiwan is calculated
mainly based on the experience of vendors, thus often leading to excessive demand or
supply of water in greenhouses. The purpose of this study was to establish a design
standard for high-pressure fog systems. A non-shaded greenhouse was designed based
on the summer weather conditions, which were derived from the environmental data
in 2017. Additionally, this study employed the heat balance method to construct a
ventilation—evapotranspiration—temperature—humidity (VETH) chart, which was then
used to calculate the required amount of fogging in the greenhouse. The results
revealed that the required amount of fogging per Fen (a unit of area in Taiwan, with
an equivalent to 969.917 m2) was approximately 8(L/min), which reduced the
temperature in the greenhouse by 3 - 4°C.

This study constructed a water vapor deficit controller underpinned by internet of
things, using the Raspberry Pi and Arduino single-chip microcontroller. This
controller exhibits low cost, high flexibility, as well as high stability and also enables
users to monitor greenhouses, control environmental-control equipment, browse
history records, and adjust parameters and functions, all of which can be
accomplished remotely.

This study constructed a fog cooling system in a greenhouse in Puli, Nantou,
tested different control strategies using ventilation fan and fog cooling system in
various greenhouses, and explored the effectiveness of different strategies (i.e., using
temperature, humidity, water vapor deficit, and combinations among them as the
control factor). The experimental results revealed that the favorable strategy
combinations alleviated the weakness of conventional control strategies, reducing the
temperature by 2—4 °C and increasing the preciseness of ventilation fan control.

This study grew cherry tomatoes in summer using a water vapor controller and
examined the effects of control strategies on the growth of cherry tomatoes, compared
with that in the uncontrolled environment. The results revealed that the plants exhibit
more favorable stomatal conductance and photosynthesis rate under the water vapor
deficit-controlled environment than that under the uncontrolled environment.
Therefore, the water vapor deficit control facilitates cooling, adjusts transpiration
volume, and enhances photosynthetic activities.

Keywords: tomatoes, water vapor deficit, control strategies,
ventilation—evapotranspiration-temperature—humidity (VETH), internet of
things, Raspberry Pi, Arduino
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