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Spectrophotometry for rapid determination of the
concentration of Avibacterium paragallinarum

TONG Rendong'?, FENG Yan', LIU Yan', ZHANG Yizhi', REN Xiaoxia', HAO Lili%,
ZHU Liangquan', YAO Wensheng '

1 China Institute of Veterinary Drug Control, Beijing 100081, China
2 College of Animal & Veterinary Sciences, Southwest Minzu University, Chengdu 610041, Sichuan, China

Abstract: [Background] The infection with Avibacterium paragallinarum (Apg) results in an
acute upper respiratory disease known as infectious coryza in chickens. In general, the disease
exhibits a short incubation period, an acute onset, and a high degree of infectivity, thereby
causing substantial economic losses of breeding farms. [Objective] To assess the feasibility of
spectrophotometry (SP) as a potential substitution of plate colony count (PCC) in determining
the concentration of Apg. [Methods] The Apg precipitate was suspended in tryptone soy broth
(TSB) or sterile physiological saline solution (SPSS), as two sets of diluents respectively. The
absorbance (OD) values of the bacterial suspensions at different dilutions were determined by
SP and the viable cell count was determined by PCC. With OD values measured at different
wavelengths (450, 540, 600 and 650 nm) as the independent variables and the viable cell
counts as the dependent variables, the standard curves and linear equations were established.
Set up a tryptone soy broth (TSB) group and a sterile physiological saline solution (SPSS)
group, using TSB and SPSS as suspensions and dilutions. Use SP and PCC methods to
measure the suspension of different dilutions of Streptococcus parahaemolyticus, and compare
and analyze the effect of the two suspensions on the correlation between OD value and
bacterial concentration through standard curves and linear equations. The OD values of the
bacterial suspension samples collected at different culture stages (10, 12, 14, 16 and 18 h)
were measured and substituted into the linear equation to obtain the concentration of the
bacterial suspension. PCC was carried out at the same time. SPSS 17.0 was used for statistical
analysis to verify the applicability of SP. [Results] The OD value measured at 600 nm (ODgg0)
showed the best linear relationship with the PCC results (R*>0.995). At this wavelength, the
OD values measured in the TSB and SPSS groups were not different from the PCC results
(deifference:0.000 5), and the TSB group was superior to the SPSS group (RzTgB:0.998 9>
R23PSS:O.998 4). The results of SP and PCC showed no differences at the incubation time
points of 10, 12, and 14 h (P>0.05) but had differences at the time points of 16 and 18 h
(P<0.05). [Conclusion] During the logarithmic and stationary phases, SP could rapidly
measure ODgo to determine the concentration of Apg.

Keywords: Avibacterium paragallinarum; spectrophotometry; plate colony count; bacterial
suspension concentration
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& X & AT 1 (Avibacterium paragallinarum,
Apg) &AL Yett: B4R (infectious coryza, 1C)EL
ST, Al RBURGOYAE KNS | P EE TR,
VA A7 3 fefT D 10 X0 8 AT T T A 198 T 8 1 T
AL Ge kG RN R N I R T B ST sh )
YUY, RE RO VAN R P e B
YRR S RN S e ORI B v, SR Bl
Wy T ) DA 8 AT T A R T VAL 3 SR Y A B %
P15 (plate colony count, PCC)I X H:4% 175 B 4L
(TEFRAEBR ), B B sh Wi s T e, LA
P 3 P e AR (1 W 4 A 1 R A S B
PCC Jeid i o B i B Jm e Rl [ A B IR i, — i
Hi g% 24-48 h, TR AR T LG 7%, AR EL
V712 0 5 A TR R TR B Y 22 B 3 | (B
BORESE, HAFTELERYE, & 3 sh Py gy e
SR

HHA- LR E B (Lambert-Beer law) & {4 it
X TR IR AT 1) 58 555 5 R A o e J3E R L
WZIEFERICR o 4B, (spectrophotometry,
SP)J& WA - LU R 8 A SE bR F L 3l 3 4ot
JE I e — 0 Jo R — U B RO R X
Wy I A 7 P i AU, R B ) OD
{ELR7N o NP R T AR B A7 S JIE 0 A i e 25
g5kl HAEA KB R 2o Ak — S W)
T 355 55 28 A () VA B 1 BT LA A [R] 143801
PEBT AR 5 TR TR 378 ' Tk 1] 2 000 52 41 T ) vk
JE, H A0 TR 8 R AR BE A — e U N 5 IR OG R
WAE L, FHWERE(E(OD AR AT ] 420 2 o i e
JEOL, 1 AT I Y SP 7E — S PR AR I E
Y OD fH, 5 PCC ZRAS M B 2 1 o Bt
A7 1A 73 7 5 RS AR M R ek /R, T
OD H 5 WM B B4t e &2, Hbb e 45 R W]
ANFEIAHTR TR BE 5 OD fH &2 R AP A2t 5%
o HET PCC, SP HABRMEAL A, APk
W AR B, DAORIE B P Sk e S 36 1) i 2l %

AbtgEid L A PCC I AE Bl & AT B TR R
DS AR SP I RN & A I B VR OD B Y AH
Kk, HRIE SP N B B8 T TR A TROHR R 1) f i
A, AR ST — R ) o R AT TR D VR
FE 75

LR

1.1 ##
111 i3

B XS & AT # Hpg-668, Page I/ AIk C
R, i EE R ISR TS S IRAE,
o [ BE R A H s i s CVCC256.,
1.1.2 EHFE. TERXFI RS

JIRER 1 K 2 B IR 55 77 & (tryptone soy agar,
TSA) 1 JiE & 11 P K & A 7 8% % (tryptone  soy
broth, TSB), BD A #); A LB (NAD), 4=
TAEY TR AR A BrE g,
M R AEY TRARA A Jow A LK
(sterile physiological saline solution, SPSS), Jtit
rhifE A MR A BRS Fl o SpectraMax Plus 384 4>
PR, A SERRHCARA R £
LA, WREERDARA R CO Hi R4,
SANYO Al
1.2 A&
1.2.1 EHEEHSI&E

180 CORAFIIREING EH I Hpg-668 PRI
FERHWALE, B E 10 mL % 5% NAD il 10%
IR TSB 1, 37 °C. 5% CO, 55 FEi3%
12-14 ho AR 2 W, M 25 5% NAD
H1 10%3S 1 75 B9 JC T TSA Fifi, 37 °C. 5% CO,
WEE N HESR 24 h, SAS4lifb RIS &R . 4l
A5 B RIS B FF TR AN AT 10 mL & 5%
NAD H1 10%3 i3 #9 TSB 1, 37 °C. 5% CO,
BT ERFE 12 h 5T 4 000 r/min 5.0 15 min,
Z BIEW, A 10 mL G A= FER K R TR,
il £ BRI B FF 18 SPSS T2 o
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122 XX EFENEARHRESEEREZKODE

R E BN & FE T SPSS B A R 110 3 )
B, S 3CHR[5-12150 I E B 450, 540,
600 F11 650 nm [ OD fE.. HU 6 SZ I 48 I 4
5 1-6, [ 1-6 SArAIMA 0. 1. 3. 4. 45 Hl
4.75 mL o A BRER K, FHRUCHESIN 5. 4. 2,
1. 0.5 F1 0.25 mL FEI XS E AT 1H SPSS &,
o A3 A BARFA R S mL, MRS, B
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I S%I A, DAICH AR N2 X, &
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600 F1 650 nm [ OD fB, HMEMERINE 3 1K,
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IR AR A [R5 R A 18 1) TR ARV, 490l P JC P
A BRERKHE 10 A% LG B RS [ A 5 1) T
W o YEBUETEETE 30-300 I EARAE R B TR
B E AR e, AW, B R
100%. 80% . 40%MAYHL 10 ° i B 0 B B, kR
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b, BAOHRERAEE 3 ESE, RAAYART
A 37 °C. 5% CO, fHiRIEFRF H5FF 24 ho 1058
AR AR TSR, B 3 AN AR R TR RO Y (TR
DL I O A R, e A5 H R [ s e e
PR TR VR
124 REMEZHNEISHENERKHHE

DI [G) 3 B A6 B2 RIS B FF 7R SPSS P A
OD -l F 25 x, L PCC 35X R B A5
BRI AR &y, Hi A Microsoft Excel
2010 FATIEIHSHT, ARERAER LIt
EUAE S HT AN R R EE Ao B 2 AN 2 2R (R,

1y X B AT D R AR 32 ) et R IR o
125 ARBEZFHBARX LS

PREC 1.2.1 ik i) @I XS & B PR Y5 e Fp
10 mL 7% 5% NAD F1 10%X9 M%) TSB, &
37°C. 5% CO, AEE NREFE 12 h FF/a2ehai.
W E SPSS 41l TSB 41, SPSS 41## it 1.2.1 il %
SPSS &, FES IR 1.2.2 I 76 il P K 4
T /) OD (I H8 1.2.3 FEA T AR B 751148 TSB
HEH TSB MR EIXG & FF 5572, 43
E 100%., 80%. 40%. 20%. 10%7F 5% Bt
JEETE il 2 P K A5 T Y OD B, it OD {8
IH B TSB h2s FIAJEEXT ], (A TSB #E17
10 FERRE G A TP AR BRVE 1T 22 1.2.4 43011 3K
It SPSS A1 TSB HIMFRiEMA AL R, XF
Et SPSS 21l TSB 41 fArifk iR il REU(RY),
S3HT TGRS KB PR AR B A L H2 ] TSB # B
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1.2.6 4R FEEIE A MR I IE

FRE 1.2.1 Slifb 1) RIS & FF B B R VR e Fh 1
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14, 16 F1 18 h Y, J SpectraMax Plus 384
AR A B A Sl I K A TR D
OD {H FHAC A LA R A0 17 B B TR, T
I 10 F5F RS #EA TP AR VR THEL, AN TR s a]
S PR 2 B {0 H SPSS 17.0 B AT 25 S 4y
BT, DABSIE S B v A F A -

2 ZERE54

2.1 EIMEAFE SPSS H &% A OD EFE
R & T R
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x1 TREHRHEESRA OD B FREEITHER

Table 1 OD values and plate colony counting results of bacterial suspensions with different dilution gradients

MR OD4s0 ODs49 ODg00 ODgs0 PR R VR TR A R

Dilution gradient (%) Plate count result (x10° CFU/mL)
100 0.416 0.315 0.265 0.234 4.07

80 0.336 0.244 0.195 0.177 2.76

40 0.176 0.131 0.105 0.095 1.47

20 0.087 0.066 0.054 0.049 0.75

10 0.044 0.033 0.027 0.022 0.45

5 0.023 0.017 0.013 0.011 0.22

22 EAEASHERSRENERKK 2), KT 450, 540. 650 nm FHE 1.0, R

SR 1 I 450,540,600 Al 650 nm LA, EAHXE R R VT, TN
i) OD i 5 PR B T R AT BI04, 3 308 SS/(BIE A0 B SS+5% 22 SS), HUE N
PR ER MR E AR 1) (F 2)o MW T AT 0-1.0, FOfR 8 A £t 22 8] A5 780 5 S R 5 ai 1)
DIFEH, P 600 nm (K 1C) 6 1l ShruEfIZ IS FREE MR 254 A2, i I K 600 nm
AR B R A5/ 0 5 TR EU AN R AR ZRME DT BRI J2 4 516 6 188 10 I 2 ) 3 85 T T T TR A e i
ERBRY, JK 600 nm iy RR{EHN 09957 (% EIhK.

5 53 D T e §o1y s e

2 E 3'0 R=0983 7 =23 R*=0.989 9

ws o 2 w5 3.0

SE 22 < g 25

£0 20 £320

§e I3 gnls

5= 05 5 <05

: ———————— &

Q 0.0 0.1 0.2 0.3 0.4 0.5 o 0.0 0.1 0.2 0.3 0.4
OD450 0D540

C D

g £

=] 4.5 3 50

5 _ 40 7=14.968x-0.024 £ 23 eieoors

3 E‘ 3.5 R*=0.9957 S 340 = ; x=u. ®

= £ 30 2 E 35 R=0.992 2

=25 s 2 30

50 20 =G 23

= 1.5 g o 2.0

EZ 10 gv 12

5= 05 Bt

51 . o 0.5

5 5 : * ’

© 0.0 0.1 0.2 03 © 0.0 0.1 0.2 0.3
ODyy, ODq;,

1 RSB AR A B 2
Figure 1 Standard curve for different wavelengths. A: 450 nm. B: 540 nm. C: 600 nm. D: 650 nm.
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Table 2 Linear equation for different wavelengths

iaN OD {1 il A R

Wavelength (nm) OD value range Linear equation

450 0.023-0.416 y=9.226 8x-0.043 9 0.983 7

540 0.017-0.315 y=12.406%-0.046 6 0.989 9

600 0.013-0.265 y=14.968x-0.024 0.995 7

650 0.011-0.234 y=16.721%-0.018 6 0.992 2

23 AREEFHBRANEERESH

TSB 41F1 SPSS 4H Ay A~ R A B E I K
600 nm 54 I5E i OD (B AR 745
W 3. W2 3 BRSBTS, FASE 2
e 4. E 2 figk 4 mTLIEH, 7R 600 nm 2%

7R

°F TSB 41711 SPSS 415 R AF ALk PESL R, TSB
Y1) REHEET 1.0, R TSB 41k R
T SPSS 41, B4 B VA 2 R AT TR TRV
WeEER, Jo20 80 5 P JC o AR BRER KB T 5 DU
JE OD B, A 4 RIS & A A B SR Tl A o

%3 TSB5 SPSS HAT 600 nm H KT OD E5 FHREEITHER
Table 3 OD value at 600 nm wavelength and plate colony count results for TSB group and SPSS group

4151 i B £ oD fi R A
Group Dilution gradient (%) OD values Plate colony count results (x 108 CFU/mL)
TSB 100 0.521 7.60
80 0.410 5.87
40 0.225 3.00
20 0.119 1.58
10 0.057 0.76
5 0.028 0.36
SPSS 100 0.611 8.13
80 0.505 6.37
40 0.255 3.17
20 0.127 1.61
10 0.061 0.78
5 0.032 0.37
A B
E 9.0 g 9.0
8 80} y=14.681x-0.132 6 5 _80] y=13.131x-0.077
g 7.0¢ R*=0.998 9 9 370t R=0.998 4
2 E 60f S EB6op
°2 50t S 250t
§ O 4.0¢ g0 4.0¢
£% 3.0¢ =2 3.0
2% 2.0t 2% 2.0
S~ 1.0t g — 1.0
= 2
3 0.0 0.1 0.2 0.3 0.4 0.5 06 S 00 0.1 02 03 04 05 06 07
OD600 OD600

2 TSBZ4HE5 SPSS 4HAVHRAER

Figure 2 Standard curve for TSB group and SPSS group. A: TSB group. B: SPSS group.
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%4 TSB5 SPSS tARYL It 72
Table 4 Linear equation for TSB group and SPSS group

ityEai| ODygq fELTE [F R R?
Dilution group ODyg value range Linear equation

TSB group 0.028-0.521 y=14.681x-0.013 26 0.998 9
SPSS group 0.032-0.611 y=13.131x-0.077 0.998 4

4 BB, A X R K P B LA SO
i, RS KT E, A2,

24 SHRNEZERAMEIELERS 9N
Buligs 10, 12, 14, 16 F1 18 h 5,

TEP A 600 nm £5F 2 A9 OD {EHA ALt
JrFE y=14.681x-0.013 26 iHEERHEE, [F
1N R A o G L N L R DRSNS R €
JH SPSS 17.0 3k {FiAt 22 V0 Hr, AHOCHS

W 5. N S ATLUIEH, KiFR 14 h WAl
5 1A TR B0 I A 1 S A O R R v
JE 22 R (P>0.05), HARLF IS T

3 W54

PCC /AN PRV MR B 9 B3 i, SP 2k
DN PR RO B R IR0 v o T T A 5 R B e
H 200 TR BV Y TR, T IS A I E OD {2k
(1) 22 o IR D ) TR AR B3, o T TR VR P BRI T
Gh, BAFEIET B IR LL R G Y B 3 ) A
W EA —E WG RE, BT 20 PR 7 k2 A
AR, AT S AT A AR A KR
WIS BUE R R M T A

A 2 TR P T T R 5 T A TR B2, DRI T IAhy
W2 e P (I N A4 T 3 TR VR B Z R IE LG &R o [F]
I, A IR/NAN R, e A A A A
W BT e K 450 nm S 0E RN E 4 T (G
%5 5K 4 (Saphylococcus aureus) . JoFLAE Bk H
(Streptococcus agalactiae) b# ik ) OD B I 2 v H:
SHRERORER MR FIREHEN K 540 nm
TR IAE BRAHZEVDT T FREE(Salmonella. typhimurium)
TR OD B I i 7 H S TR B2 M OC R
R0 i s R R K
600 nm 514 58 K #5451 (Escherichia coli)
FAhE /R K (Ralstonia solanacearum) . 5455k
P (Sreptococcus suis) Y AT OD {37 H 5 ik
WML R, EHURE IR 650 nm 4% 1F
I s I L SICEE (Vibrio parahaemolyticus) |

S EAHAKE . YWITRENERK OD {Hif &
ST B A O R o AR ST A

RS5 DAXEFENERNCENEERKREEMAMERIELSR
Table 5 Validation results of the applicability of spectrophotometer for determining the concentration of Apg

B SRt ] ODgo fi TR AR AR B v RS

Culture time (h) ODy value Curve count result (x10° CFU/mL) Plate colony count result (x10® CFU/mL)
10 0.491 7.08a 6.97a

12 0.604 8.73b 8.55b

14 0.691 10.01c 9.70c

16 0.741 10.75d 6.83D

18 0.778 11.44¢ 4.13E

A T B 050 R R — TR R E RR 22 5 8 3% (P<0.05); FBEFN [F—F8E /NG Rom 2 7R 8 3% (P>0.05)
The labels of peer data indicate significant differences (P<0.05) when the letters are in the same case and lowercase; The
lowercase letters with the same marker letter indicate no significant difference (P>0.05).
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206, WFE 450, 540, 600 £l 650 nm % 4 I
PN 5 IR A B RO B, IR E K 600 nm
Sy e I K

DR35S A B LR W BT, S HERR B 5RO
T, TELERRAE M E PR, AR5k
I XS T T TR VR 25 Lo LE , T FH I TR A B R /K
FELFIE AR K 1 OD A5 TR BE 1Y
FHOCE o (B2, SR JC T AR BRER 7K R I T
WO B2 R Ry I S22 0 B8, S R EAS 2
TR ZE . L BT EE XT H A Bt T B,
Az B KGR I AR R N A 1 TR B S B R
S H AR R BRI B 1R 220 2.78%6.97% . N
I, AHFST B SPSS 41f1 TSB 41, 4r BIfE K
600 nm 25 Rl E OD {35 PCC I 5E T
WeREHEAT A8, S5 B R TSB 4l Zi k¢
AT SPSS ALkt ZR, Ui RT B4z SP
TN R TR VST 1 OD B RS R BT TR B

TE 240 T 31 4 I G 55 10 Bff 5% R 9 988 B0 15T
W0 TE S RO b, 75 B R S 0 TR
B, LA E 0B T Sh i B B 0 RV R AR
T3 o TRV JEE 10 TR I 5 2 B ) IR L A TR A 5
REHBOTVEMN I OCHEIATT, (8% 1 H R PCC
D8 V6 TR IR TR T B SR 24-48 h J5 A BB
MEER, MR — B AR AT, T
YErh HRBFEL I AL THEM S 1TE H 5L, 2 3L
BT RIS 55 BCE AL PR R L, 5 2 EE Tk
7S s P A, IR BRI A ISy . AHSR
L A GY PCC I R RS & AT A T VA
SP % B OD fELIAH M, Wi #ESr T —Fh
PRI 2 R A TR TR VRO B R 7, AT A I
[F) A PR A O o TR VR R B, KR v 1 T VR e
E R0

AW MLE C REIXS ST, Tk
IR, HEER 0-6 h, XFEE KN
6-14 ho TE4MEIEREE RIS FIEIR UE R fE v, kS

FEREPEART G AR A AR RO . IE AT SO,
240 PR R A AR E ) 2 BT 5 R R N A LA R
B, iR h AT R ARE N OD E I E #Y T4
AT (HE, FEATERMSIET A 2
PRI T4 OD {HAYINE (% 5). I, % SP X
T FH T ) 2 T B A JEE A
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