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Abstract: Orius sauteri is an important biological control agent and the massive factory production breeding
of this agent is the core point in application processing. Based on the original artificial diet prescription, our
present experiments promoted the artificial diet model for 0. sauteri by microencapsulation technology. We
confirmed the influences of sodium alginate, chitosan and the proportion of core material to wall-forming
material on the yield rate, embedding rate, moisture rate and sensory evaluation level of microencapsulated
artificial diet by orthogonal experiments. The results indicated that the influential order of ingredients to the
yield rate successively was the proportion of core material to wall-forming material > sodium alginate >
chitosan. The influential order of ingredients to embedding rate, however, was chitosan > sodium alginate
> proportion of core material to wall-forming material. Furthermore, the sodium alginate influenced the
moisture rate most and then chitosan. We observed similar tendency in sensory evaluation, and the
corresponding optimum prescription was sodium alginate 2.0% , chitosan 0. 6% and the proportion of core
material to wall-forming material 1:3. Based on the embedding rate, we set the optimum prescription of
microencapsulation as sodium alginate 1. 0% , chitosan 0. 8% and the proportion of core material to wall-
forming material 1:1, and a diet of this prescription was used to compare the development status between
the O. sauteri fed on the optimum artificial microcapsulated ated and CK ( fed on Tetranychus

cinnabarinus). The results showed that there were significant differences in 1st and 2nd instar
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developmental duration. O. sauteri female adults showed significantly shorter life span on artificial diet than

on CK. However, there was no significant difference in the emergence rate between two treatments. O.

sauteri showed significantly lower oviposition duration, fecundity and hatch rate when feeding on artificial

diet microcapsules although we did not observe any difference in pre-oviposition period at all. The intensive

analysis of artificial diet effects showed that the respiratory quotient of O. sauteri fed on artificial diet was

significantly lower than that on CK. However we observed a converse tendency in comparison of average

creeping speed.
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Calliphora vomitoria (L. ) GBI AR AL T —
B4EM T 8 ( Vanderzant, 1974) , Xt A T 4B 5
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Table 1 Composition materials of microencapsulated

formula
TR FERMH EEEL ¢
SERACY HAW(%) HFEH (%) Proportion of

Set-up level
ALG proportion  CHI proportion  core to shell

1 1.0 0.2 2:1
2 1.5 0.4 1:1
3 2.0 0.6 1:2
4 2.5 0.8 1:3
ARAIATEE A,

Difference 0.5 0.2 -

between levels
ALG; W¥EFRY Sodium alginate; CHI; 5553 Chitosan. * ; {&FHLL The
proportion was evaluated in volume scale here. i The same below.

x2 HREERAFEXRKEIZIT
Table 2 Set-up of orthogonal experiments for

microencapsulated formula

R TR FERNE %ﬁ#

Beperment no, | SUEHE (%) BUEHE (%) Proporion of
ALG proportion  CHI proportion  core to shell

1 1.0 0.2 2:1

2 1.0 0.4 1:1

3 1.0 0.6 1:2

4 1.0 0.8 1:3

5 1.5 0.2 1:1

6 1.5 0.4 2:1

7 1.5 0.6 1:3

8 1.5 0.8 1:2

9 2.0 0.2 1:2

10 2.0 0.4 1:3

11 2.0 0.6 2:1

12 2.0 0.8 1:1

13 2.5 0.2 1:3

14 2.5 0.4 1:2

15 2.5 0.6 1:1

16 2.5 0.8 2:1

1.2.2 fffse 4 A T AmpRk i C 11 B i & MR P € -
R BERE IR, B T2 05 5ok
AbEE R BB FLAL E R R YE O B A K A
79 &4 (Silva et al., 2005) . 256 fF A T46
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AJ5805 7Y 5 =M AE v 6 2R T A A AL A5 I R
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RS AR . IR (% ) = iR B BB
BN TARDRLB i/ AN AR A BB x 1005

Ko &I RE . PRECHORIR B Tl W, E
BAAPH2 h, FETTRIPRANZER, KE
HWio HREEKR(%) =(W-W,)/Wx100,
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Fig.1 Device of microencapsulation procedure
ALG-AD; 3R A T47%} Sodium alginate-artificial diet.

£3 ATARBKRERETSR

Table 3 The grades of sensory evaluation for

microencapsulation artificial diet

£ VPR PR g
Index Evaluation standard Score
SME WoRSeHE, RIERE 20
RERES EReikaa, aFl— 20
P TRLA G, A 5 20
HH BEEN B, HAURE 20
MG E REDLH, THIN 20




894 B 23R Acta Entomologica Sinica 53 %

1.3 RERRE A TRRFRIL/NEEEF I
A1

PRI 1. 2. 2 TS A U AL 5 HIVE A T
FRHS RS T, RAF T 10°C KA & o
1.3.1 R TR R /NERAE K R F 1
o BURT/INMESB IS 21 3k, B TR
(D =4.5 cm) o, SRSEHATREEREN TiAH} 3 kL,
12 h B —K, ILKHCEREEK I T
MR, IMLAELLE OB, Jf RS FLBGE S fLE
T, BAANTLSMEF (SANYO-MLR-351H) #, 7ER
FE25 £1°C, MIXHBE 70% +5% , JHRGE B 2000
Ix, JERIHA 16:8(OL: BY) &4 T (J5 K MA) ,
T3 ASRRD i i) 55 AR /N SEVE X B, & H
&= B 4% ( H A< Nikon AR, SMZ-1500 #) WL%2
TSR AL/ NG IS 5 R T 39 < 3P A 238 B 0 R
i, BALEES 5 WK, BRI 10 %,
1.3.2 (IR TARDRE R 7R S /N FE 1 S 5H RE 1 FY
. w131 PETR IR R, BUREYIHL
AR/ AR AL A 1 Sk, Rp AR TE 5 H4 E  BR
B TR IL (AR ) B, B I AU B
Tkt 3 . M 4R AR 2SI B™= PR AL, 12
h BRI ORI, JFa g =i, K= rEes
TR IR B AL, BT EIR /NI I AR
HP=BERTHA 7= DR R 1] K BRI, 7E [RIRE SR
T AR RIS A AR NMESSVE N IR, & A3
&5 W, BRI 10 3k,
1.3.3 A T4 fise 38 Yot 7 S0 /)N 7 05 M s, 1 P
BRI FERE R 25 + ICHERSFGT, &
S B FFIRT BRLH R B AR /N s ME R AL, A
A 3h#y W 1% Ul & 25 4t ( Sable System Co. Lid. ), ¥4
S MEN 0. 1 L/min, HEAT PR 2 38 K 010 355
W& AFE,

R /N T2 i 5 W 2 3 RQ = (CO,% gy, —
CO,% 5 )/ (0,% o = 0,% gy, )

BRI 10 3k, 5 KEX,
1.3.4 A T A fise 38 Xof 7R S0 /)N 7 05 e 1l PR32 3
REJIRISZIR . A S| A BRAN BR 2 A0 B4k 7R S/
TesEHE R, Bk B T B T A 10 5% X ( Synthetic,
LC-100) BRAKTH#S, FTFF Tracksphere $3E K £ F14
WRF, BEBER S min, REMMBEER, AR
SIE/INAE U6 4 % ) TCA T 2R 3R RN R 22 84T B B 45 S 40
FAHEEL 5 W, BN 10 %,
1.4 HE/KEESW

VIIE AR R0 45 2 B & IR B 2 B A A e B e 7

BEATO7 22 Rk 22 0 W, e T O PR R B R R
e RMETHE . FIRMII AR %K, L
AR EYRE S A&, X R /NEHRE 5 7E
AREE EHAE S PR R Riashag ) bR
BEATGT T . B G M E RIS FI A SPSS 15.0
G SE

2 HZRE5HM

2.1 ATARMREER A6 &R
2.1.1 7= HRA4ON, BT OISR
FERITE60% L) L, Hr b3 4 i3 it 80%
EFIERRE RN T EZSMERENA(ERS), &~
) B T 7 2 X U B N T ARDR Y P R B3
o, LRI S R MR, & BT R R R
PR MR EMKIR Ry . TEELL > W ERRNIATE
> FERMHT . AR 2 TS R A H K
SEHLL AB,C, A NREHA(F6), BILIMER
W= RN UERE DL T, SRRy Mg
FRENIHFELL R 1. 0% Fe RWEIHFE LN 0. 6% (i0hBE
FeR 1:35 ZELL A AR RS 7 R iR, 153
87.7% K=& ,

2.1.2 . 50, AELEFBAL
T i s 28 1) L BB R ¥ 7 60% LU L (2 4) ., H
AbFE 4 HIFT IR FIET) 80% LU b, HEMTLER(F
5)ULH, AR Z YRR T H AR B E, LM
Je B AL R R B VERRUERT ()5 AR FEAR KR : R
VEEFE > BERMIETL > TR, WEHD
Pras R RTE A, B,C, MEC T A& T A LTHBHIUR
WA RER(K6), BILIEERRPIRAER, &
FEIR R 70 W BERRNIE TR L R 1. 0% e M
WK 0.8% GthBELL A 1: 15 HEC 7 ki 5%
W, RN T RHa %k 85.3%

2.1.3 HAKE: BREHESKERATRBHESR
A EMIEIRZ —. IR BN (F4), R
54N EAE PR E KRS 0% L E, Hat
P12 & KR 8.0% , ML REN, it
RABL T R R X & /KR R s BEAKIR O « 1R
WIRFEH > FREFETT > B, HIRNEEHLY
MRBEEKETLRELW(ERS) . MESTERD
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Table 4 Results of the orthogonal experiments for characteristics index of microencapsulated artificial diet

s (%) AR (% ) HKE(% ) BEIE
Experiment no. Yield rate Embedding rate Moisture rate Sensory evaluation
1 66.5+1.6 70.9 £0.7 5.5+0.2 62.2+1.2
2 64.5+2.2 74.9 +0.5 5.7+0.5 66.4+3.2
3 74.3 1.1 75.6 1.2 6.5+0.1 74.8 £2.0
4 80.7 £1.2 81.4+0.5 6.8 +0.2 70.8 +3.9
5 62.2+1.0 75.6 +0.8 4.7+0.2 50.6 2.1
6 62.3+2.4 68.8+2.3 5.4+0.1 60.8 +0.9
7 75.9+1.3 75.8 1.4 6.3+0.5 71.2£2.2
8 69.2 +0.8 74.9 2.1 6.5+0.2 62.2+1.4
9 67.7+1.5 72.5+0.9 7.2 0.1 77.6 £1.9
10 67.4+1.7 73.1%1.2 6.8+0.5 66.0+2.0
11 60.2 +1.2 75.1x1.4 7.1+0.7 75.6+3.2
12 63.0+0.7 78.5+1.4 7.9+0.2 64.4£2.7
13 72.6 0.8 68.5+1.4 5.9+0.6 70.8 +1.7
14 64.8 +0.9 73.9 £2.5 6.0+0.2 63.2+2.1
15 75.6 +1.6 72.9 1.6 7.7+0.2 71.0 £3.0
16 61.0+0.6 78.0 4.4 7.4 0.1 70.6 £1.0

Frh KAEY N ME + FrifEiR. The values in the table are mean + SE.

RS WERBEAIAMEZRESHRMERTESHER

Table 5 Variance analysis results of the orthogonal experiments for features of microencapsulated artificial diet

{2 Tr 2RI SFJ7 HHE 75 F P
Features Source Sum of squares df Mean square

A 520. 855 3 173.618 12.192 <0.001
FER B 491. 657 3 163. 886 11.508 <0.001
Yield rate C 1273.155 3 424.385 29.800 <0.001

Error 996. 862 70 14.241

A 66.333 3 22.111 1.214 0.311
g % B 479.362 3 159.787 8.773 <0.001
Embedding rate C 55.105 3 18.368 1.009 0.394

Error 1 274.940 70 18.213

A 27.862 3 9.257 15.950 <0.001
k= B 26.414 3 8.806 15.143 <0.001
Moisture rate C 0.465 3 0.155 0.266 0.849

Error 40.707 70 0.582

A 1 085.238 3 361.746 9.779 <0.001
BREE B 970.437 3 323.479 8.744 <0.001
Sensory evaluation C 559.838 3 186.612 5.045 0.003

Error 2 589.475 70 36.993

A WEHFRENIEFE L ALG proportion (% ) ; B: FBBHIE 75 b CHI proportion (% ) ; C: B2 LY, Proportion of core to shell. %6 [fi] The same for Table 6.
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*6 HMREBEALABEZREH RERBRESFTER
Table 6 Range analysis results of the orthogonal experiments for features of microencapsulated artificial diet

B/ £ Factors of formula
MR Features
A B C
ky 71.555 67.300 63.295
HiE k, 67.435 64.765 66.325
FER Means ks 64.575 71.505 69.025
Yield rate ky 69.230 69.225 74.150
R 6.980 6.745 10. 855
ky 75. 680 71.885 73.185
HE k, 73.775 72.675 75.480
g % Means ks 74. 805 74.835 74.240
Embedding rate ky 73.340 78.205 74.695
R 2.340 6.320 2.295
ky 6.130 5.835 6.345
HE k, 5.720 5.965 6.505
EKE Means ks 7.265 6.925 6.550
Moisture rate ky 6.755 7.145 6.470
R 1.545 1.310 0.205
ky 65.550 65.300 67.300
— HE ky 61.200 64.100 63.100
Sensory evaluation Means ks 70. 900 73.150 69.450
ky 68. 900 67.000 69.700
R 9.700 9.000 6. 600

2.1.4 RBEVFE: FIUREWELSRINE, gk
AP MR B IR E P E S A BR AL B 5 AT
60 7}l Lo JTEAMTEIR (KR S) KUK HRE
M PR BE AU R« BETR AIECTE L > Fe MRS 1L
> BEELL s AHRIRZE TSR Bon BT AR
A;B,C,, BIESERMMIE LR 2. 0% R RBEIHF
FEH 0.6% BothBELL g 103 B, Brfs N TARDEHMBURE
PREIER T RE, 787 4
2.2 RERKEANTEARNFRIENEEEREID
i

AFR AT B AR N AR BE e 77 X5
SR, AR SKREREWESE, UG
AN BB e i N AR U R BL Ty,
YRR B N T ARPRHRI R AR I/ NAE I
2.2.1 ISR TR RT/NEHEEKZE R
o I E N ARAE T AT, LARED I 8 X
MR, SR 2. R/ AR g BUR i iRk 1
2 i R B R K T R SRR i b 2
(¢, = 11. 309, Py ey < 0.0015 2, = 3. 429,
Py (2saiteay =0- 003); i3, 4 J& 5 b B A5 R

WHZR (1, =1.735, P; (ouaieay = 0. 1005 ¢, =
0.664, P, (5uiea) =0.516;5 t5 = 0.476, Ps 5000y =
0.640) ; IEMREAN THEHE, AR IE/NEH ML
HGar (15 d) B A TRERDHHAL (1 =
11.300, Py =0.004) ; ALshiPHEIRAEFIAL T
TREER(1=0.481, Py =0.637), 5351K
80.8% +1.3% }%79.8% +1.6%,

2.2.2  TEEHE N TARIRERNT 2R /N AR i S 5E BE T Y
SR AR/ NFE M 0 77 BRI 5 7 A A 2 B A B
Z25F(E3,1=1.403, P, =0.177), ¥7E3 d
DAL B 5ol 3 N AR A Ak B g fE R L, R B
Zembia) B ER TRERD LK 3, ¢ =
=6.120, P ey < 0.001) 53 F) 7 BRI S 1] 12
8 d(7.98 + 0.17 d),, REEMILE A TR
(6.38£0.20d)1y 1.25 f%; RIW/NEBERE AL
TR RS, Hr= i RE/NTXR(ERT), L
HIEERI80.3% (1= -5.889, P <0.001){H
SRE AL R A K A G B #F 2 57 (¢ = 11. 309,
P (3 iteay =0.655) 5
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Fig.2 Comparison of developmental duration of different instars of Orius sauteri fed on microencapsulated artificial

diet and Tetranychus cinnabarinus (CK)

R EFC « " Fonab A 2325 . The mark “ * ” on the top of columns indicates significant difference between treatments. AD: A TAa%}

Artificial diet. F[] The same below.

97 u A Tk #E Microencapsulated AD
8 4
;] oXf i CK .
s _ 6
EE 5
Z g 4
£2 5]
2
1 4
0
PO ET 7R )

Pre-oviposition period Oviposition duration
B3 ARI/INESE IR AR B 2 K AR 56 /5 7 B
T 07 B Rp 4 i ] 159 B A
Fig.3 Comparison of pre-oviposition period and oviposition

duration of Orius sauteri fed on microencapsulated artificial

diet and Tetranychus cinnabarinus (CK)

x7 FIENEHENEATEARMRERKDHES
FEIRER L TR

Table 7 Comparison of fecundity and hatch rate of

Orius sauteri fed on microencapsulated artificial diet

and Tetranychus cinnabarinus

R FEonE AL (% )
Diet Fecundity Hatch rate
A TR 2
. .6* 80.4+0.8
Microencapsulated AD 55.421.6 *
SRAPIsE T. cinnabarinus 69.0+1.7 79.6 £1.6

RPEEITHE « brAEIR, TR « " TR EHEFE P =0.05 K
SEF R R B3, The values in the table are mean + SE, and the asterisk

indicates significant difference between values in the same column.

2.2.3 (RN TARPREXS 7R SE. /N A8 i M S L P R
AR EIFN . FFARFRAL 5 E T AR /N R B

BN AR ol 3 AR A P 056 i Y P R 58 SR P IR
W, GORMNE 4 B RIE/NESERERREANT
TRHIE , IR IR 5 R R 25 R T BURL AR A I s Ak B
(t=4.861, P < 0.001), HFEHEM 1.2 £5;
TP B AR AL RS 5 2 M o TR e N T ARDR)
A3 A P R 39 S 2 /N T B SR A Il ) X R (e =

~3.639, Py < 0.001), 4354 0.0134 +
0.0031 2 0.0189 +0.0012,,
70 - O PFIHAE Respiratory rate - 004
8 IFI3E Respiratory entropy
_ 60
T o 50l 003
®EF B
EE 4.4 R
- L 002 @E
a0 30 &
R 3 &
oy 001
10 A
0 T 0
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Fig.4 Comparison of respiratory rate and respiratory entropy of
Orius sauteri fed on microencapsulated artificial diet and

Tetranychus cinnabarinus (CK)
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Rt 1.3 %55 ARIE/NESS R BUR B TRk
J&, 71 ~5 min NEPFHRITHEE 238 THRER
WAL PR (2, = 6. 711, Py ey <0. 0015 2, =
10.863, P, (suuieay =0.0035 2, =10.863, P; (5 ey <

0.001; ¢, =11.886, P, 5.0 <0.001; 5 =15.256,
Ps (21ie0y <0.001), [ H 25 5 75 R i s J) 2E K R T
HEm .
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Table 8 Comparison of average creeping speed of Orius sauteri fed on microencapsulated artificial diet and

Tetranychus cinnabarinus

Ui 4SBT 5 min NFHEFTHEE ACP in 5 min (mm/s)
Diet Total ACP (mm/s) 1st min 2nd min 3rd min 4th min Sth min
PR LT E
7.98 £0.25 9.04 +0.31 8.87 +0.09 9.17 £0.10 8.79 £0.13 8.62+0.12
Microencapsulated AD
fbu
iy 6.38 +0.13 6.63 £0.17 6.66 £0.18 6.82 +0.18 6.31 £0.16 6.16 £0.11

T. cinnabarinus

ACP; YF-#)[817# B Average creeping speed.
3 itig

AT SE i ) A AR iR 3R KR e DA 2 H 4
WK MAEYBIAN TR, E2RNERNSMRZH
KPR AN R KTEB M S (Beime, 1962;
Mukhopadhyay and Sannigrahi, 1993; #h %4 F1k &
1, 1996) , fEXZH, @R LgEEaA AT
TRMARR R T i ged, IRGUE FRIARARE
HE R B 1) R B R AH G B 5T Y AR R (5K 1 R A
2008) ., YEHTEWF 5T b B 0 4 B T ARDRLBC
75, R B 57 i AE AR S K TR T Y5 e 4 )
R TCE N o S8k PR N TRpRH B, W] LUA
R R = A T iAEH %% BE ( Thompson, 1999; Reeve
et al., 2003 ; Fekovich and Shapiro, 2004 ) , ZA<iR 56
e AR BEA = T2, XA TARR i 2 B 7
17 RS, 4R K IIGFERRNE T L e RN
T L BOEBE L A5 TR RN U B - MR AR IE A
EW, BET R FIACE & AR, TR
ANTEREBOR, E—WEHRAAHREREL T, £
B N T R e 20 i e 2 B4 e 55 B A %o LR
PREBEA R, HICRE BN, (8 2 R 2 T
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Lo B Ay 2, PRSI — BE HUARER BE 3R TH
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LW, #5E T ARTERS U B BE R B 7 L 5

B, Rt — 2 SCBN TR e 2 R AL A
FEiRAL T E BRI

HAECBEBR K B AS N TR, U A TRk
S1E A R T T AR S /N 8 26 ) W =K S O Al
BHREE, AR, BREN TRBHE T
iz, & THUEAE ™, I H AT IR R AR i e
P AR B T M BRI R R RS, R BB AR
Yo B E SRR ORI, 385 R R e
Mo A P TS U0 2 N\ T2 ARDRL R 28 2 1 5 1
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W/NTESE B N TARRHRR e , el (1 ~
28 BB BRAL B ER LR, BEREEA
AR, FRIE/INAEIE 5 R %o A T A e e s o 1
BTN, FlkAE R (3 ~5 ) MK &7 PS5 B
BHARYMHEEABEZR, RO RZR
M, JRHRIRAG R HARSEY X REAR L HER R
BN THBHAR T/ NESE SE RS 2 B 5, MERUR
Fr BE KT B ARSI AL EE, 53 AT A= A AR
e — BB i T PR IR B R R R i S R i
JEFERT, XA A5 N TARRHE FREC T o R B
BHFFIT 1 o

TR e N T ARDRL X AR M/ INEE U ) S FE A T B e
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B, H-ei Sx ML B2, LR A
AR B I AR RS AR S/ N 8 B SR P P B A
THABAE R 5 T AR O 524K FR) 7= B9 2k 7607 B9 45 52 ik [) T
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BT, TSRS —FWIEL T (R 5 2R EE
ERFRET), AR ERSHETEZ R,
A A B2 e, AR R (Dunlap, 1969;
Leffler, 1973; Howell and Voshell, 1982; Singer et
al., 2004 ; Pirozzi and Booth, 2009) , {HZASR L6 it
AR/ NEE R A —2, R AT g2 A LA
BHE IR B —, RN FEA B R AR, BRI
AR AR, (H AR A AL R A i
— R o R/ NENE BB N TR R 2 5
HZzhe h B E ARG YA B &R, I B
Sriz B i ] A9 E I TE I IR L A A o T AT
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Rl 2 SRS . FESCBRRL Y, AT LU A e e
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ARIANTE 2 NIRRT B3 e AN LA e 7y
BEAT TR e LR BT 7 SR P-4, ELSUIR BeHIE T
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