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Spatial distribution of microbial communities in a fermentation bed based on phospholipid fatty acid biomark—
ers
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Abstract : The spatial distribution of microbial flora in a fermentation bed was analyzed using phospholipid fatty acid (PLFA ) biomarkers.

Padding samples were collected from five areas( A, B, C, D, and E) and three depths(surface, middle, and bottom ) of the fermentation bed.

PLFAs in each sample were determined using the Sherlock MIS 4.5 system. The results showed that seven PLFA biomarkers, including 15:

00, 17:00, and al5:0 were distributed in all areas and at all depths of the fermentation bed, conforming to a complete distribution type.

Meanwhile, al2:0 and 17:1 w6 were distributed only in areas A and B, respectively, conforming to incomplete distribution types. The high—
est PLFA contents representing bacteria, fungi, actinomycete, G*, G~, and total PLFA were all in the surface layer samples of area D, reach—

ing up to 994.24 nmol - g™, 286.83 nmol - g™, 33.65 nmol *g™', 357.75 nmol *g', 69.38 nmol + g™, and 1 315.70 nmol - g™', respectively. The
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PLFA biomarkers displayed the same distribution features in all samples : Bacteria > fungi > actinomycetes. Area A had the highest fungi/

bacteria ratio and the lowest G*/G ratio. Diversity analyses indicated that the Simpson and Shannon indexes in area A were lower than those

in other areas, while the Pielou index in area A was higher than that in other areas. Cluster analysis revealed that all the samples were clus—

tered into two groups at a Lance—distance of 117.1. Group I contained only the samples from area A, which had minimum PLFA content

and components; Group Il included the samples from areas B, C, D, and E. Moreover, at a Lance—distance of 23.4, group Il was divided in-

to two subgroups: Samples from areas B and D with the highest PLFA contents and components were clustered into one subgroup; and sam—

ples from areas C and E with mid-range PLFA contents were clustered into a second subgroup. Principal components analyses showed that

the first and second principal components distinguished samples from different areas of the fermentation bed : The samples from area A be—

longed to one group, while those from areas B and D, and C and E were clustered into two other groups. Taken together, these results show

that the fermentation bed has a different microbial community in different areas: The microbial species and contents were low in area A, but

high in both areas B and D.

Keywords : fermentation bed; pig rearing; microbial community structure; phospholipid fatty acids(PLFA )

FERFERE , BHREIER ™ iR 50 12
G E O YA SR R 1 A &
W R TS e — OB B PR R IR, P ARO R 7
UNAT 58 AT BB RO 25 1 K I PR AR RHZ , U5
AEYITET , 2 R BT EIE & A8 AR IS TE R BE IR
I R EEARTE Bt DA MR TR S R 2E T
Bl R, S  Z HE

A TR PR T3 08 T A OB AR 2 ) T OB i
A #i S REA W AE , IR SR8 HoRe 5 28 PR
BEATREAR o TR, IS R TR R 8 ol A PR T A R % T
B 7R R IR XS FE PR A e A IR S HAT
SO, R A OIS A IR IR A T AN [l A
BRGA DT n 24k, FIURCZEY) 7 B 455 168
rRNA 3 A2 W) 25 M 58 Xof R I R T A WD RV R A 7 0
Bt s 5K 27 08 S5 0R PG 03 5 455 16S rRNA fF5E
TSR] IR B OB X TR 2 TR W Rk I DR R E
TR W RS20 5 25 0F A OHEAT 17 X0 4 TR R [ 2
A BT R A W R S A RS o HE 2 TS AT
3% e ) FH g5 R IS i g ( Phospholipid Fatty Acid,
PLFA) A WIHR1C 3 A 1 AS [R]85 Rk ) 242 18 DK Bl 2 )
RETR A5 F A S S A, Yin SFOSR A GE B IR 4
BT HE) A HOR B R T R IR AR T 40 T B4 ol
REGSHE . SRTIT, HATOC T R BRI A IR P b Al 1 2
1) AT T 5 ik WA

T MR BRI 508 H R e e B i 9k L H
JEVT 2 DRI A MR AL T A7 05 AN 7T 35 R AR
PLFA B350 i JLAE R & e RIS E A e 7 46
IR —RR i, B R E M R Y RETR LR )
HMTFE AR, ARWFFERI ] PLEA BRAT58 KR 57
TR BRI MR 1 2 1) oA e, 54kt H AR Ak
FUHE, R W) R B R A IR S A B il

I RS

1.1 SRk IR FRIREE

SO Ml a5 AN T AR T R BRAR Bt A b B AR T
FEREEEM A ) R BER KA 5 &, &K 93
m 55 33 m, 5 1 BT AL A 3069 m?, HoHR & R IR 1 A
1617 m?, PREE A 75 em, i A 1 4R & R H R}
AT 30% AR T0%E 18, J i BT H s ORHFIIR
KRG WS 2 TN R S 55 BRI R4
BT O R 8 NH, Gl RO RS0, S8 sl
1E 28~32 °C, I EFEHILE 60%~T70% ., 5E HIXF HORb AT
FHE BRI 2~3 YOk R 23Rk TR, 2 AN R —
W BRI ARG, AR R 4038 2 0 AR B = 1Y
HORP) % 1500 3k, Ry Fhx xR =048 v i i
SRR TR SRR 1 3k -m™, R B
1.2 AR ZE

WA RBEIRK 8 5 ASARFF X% : A (B.C.D
M E. BANXBE SR 3 A2 K2 (0~25 em) |
fha] 2 (25~50 em) JEEE(50~75 em) . A X HEIE XML,
E XFE KA, B.C.D X R A744 16 o FHEE 25 4 X 35,
(1) o BRI R 2 BUORE T i Sy A R, )2
MIFEA FE AR A TR B V(10 @), 64T PLEA 22
BA/IMER 3AER .

1.3 PLFA $F7i%

PLFA (3B 575 SCER16-17 D E R VR B 2.
FARERAEQTR FRHL 10 g FEAE 50 mL B0 4,
A 20 mL 0.2 mol- L™ ) KOH LA, 7540 R 47,37
CAKWE 1 h(4E 10 min JWJHE 1 %) ;MA 3 mL 1.0 mol -
L7 W BEPRIS W , 78534850 s DA 10 mL IE B¢, 7243
FE5],7E 6000 remin™ 2508 F B0 10 min 3B FZE R
AT BB P A8 N, S AR A



RAIMERF 2R IR .

(3)IRAEIIHTR ] DPS K AF, DIAGAEE b A PLFA
REAS , BEA T DR 05 28 0 A AR, L 22 PR
HRIEREL , Ak AT R, i KB IR

(4)2k 1 DPS #ftrh Zougt it o v 8 5oy
A3 ( Principal Component Analysis,PCA)j;T?zE ,
FEEAE R YN 7 22560, THERRIE )y AR b B R AR
{8, AR IR FRAE (A AR o S o i i, 0.

806
A :
1 m /rﬁ
L - K
! A B < C "’... D E s N 2l N
" s TR ZS Bl A R e B A
DMF' . R
fpe
Sl
=
-E{-_I_ .
iieg /
= P
]

B 1 mENMABRAEARETEE
Figure 1 Schematic of sample collection in microbial

fermentation bed
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Table 1 Types and contents of PLFA biomarkers of litter system from microbial fermentation bed in different spatial (Mean )

A X B X CIX DX E X

PLFA AEWbRic eEPER
REDHEZE RZE RZ2 PRZE RE RZ PEZIRZ REZ DEZ RE R®E PEE RZ
10:0 50 A 0.00 0.00 0.00 177 169 199 1.17 090 1.01 28 207 179 158 120 1.12
11:0 50 A 0.00 0.00 0.00 121 077 067 048 029 028 145 073 101 065 042 030
12:0 Wi 20 0.00 000 000 9.12 859 10.12 874 485 446 1429 1571 806 7.85 6.62 7.77
13:0 Wi 20 0.00 000 000 240 207 223 152 091 063 3.63 238 195 151 124 1.10
14.0 570 A 0.00 0.00 0.00 3833 3258 34.77 22.11 15.53 9.11 55.50 36.64 25.41 2191 19.27 18.41
15:0 570 A 0.80 030 0.15 29.53 25.04 27.98 18.95 12.89 7.76 39.69 26.61 23.58 19.68 17.20 16.61
16:0 e 2 0.83 0.00 0.00 271.53237.91 273.12201.59136.13 87.02 373.58 222.58 200.77 224.94 184.16 177.57
17:0 L 2 452 145 133 959 821 1045 1124 848 545 1579 1120 9.82 1531 10.76 11.93
18:0 L 2 0.00 0.00 0.00 39.07 35.09 41.91 55.62 34.72 25.73 54.97 35.94 41.16 60.46 48.64 55.52
19:0 570 A 0.00 000 000 061 043 058 100 055 044 256 076 068 199 077 1.05
20:0 S A0 B 0.00 000 000 2.17 187 238 294 1.65 295 283 208 209 495 357 3.96
10:0 30H 522 [CRA M 0.00 0.00 0.00 019 023 000 024 053 000 086 042 017 055 000 049
11:0 30H 522 [CRA MR 033 0.00 0.00 036 041 036 0.64 0.62 033 039 066 024 096 053 1.08
i11:0 2% RPN 0.00 000 000 048 047 061 037 030 046 0.69 054 069 055 041 053
i11:0 30H B2 PR AN 0.00 000 000 020 0.5 0.19 048 089 043 0.2 012 000 179 051 108
12:0 30H 2% RBP4 0.00 000 000 093 092 058 033 047 000 136 1.05 082 1.13 047 053
al2:0 2% PR AN T 035 0.00 0.7 000 0.00 000 0.00 000 000 000 000 000 000 000 0.00
i12:0 522 G 0.00 0.00 0.00 078 0.74 085 0.62 056 036 135 087 073 081 066 0.76
al3:0 2% RPN 0.00 000 000 205 227 212 143 100 082 3.17 281 142 216 145 0.0
i13:0 2% RPN 0.00 000 000 287 257 287 185 146 093 477 3.04 231 248 187 172
al4:0 2% PR AT 0.00 052 072 087 142 086 037 076 146 254 297 082 000 1.08 3.41
i14.0 22 [CBH M2 v 0.00 0.00 0.00 18.69 16.34 18.63 11.48 11.11 7.65 29.28 18.07 1558 14.83 10.51 13.00
14:1 w5c B2 QB 0.00 0.00 0.00 0.67 098 075 000 036 040 0.78 1.51 0.86 0.57 046 1.54
15:0 30H TA AN 0.00 0.00 0.00 0.0 0.00 000 0.00 0.00 000 000 000 000 1.05 0.0 0.00
al5:0 2% RPN 026 050 0.58 89.06 75.92 88.11 69.65 52.00 32.14 125.40 85.44 69.15 77.40 62.94 69.62
i15.0 o2 PR P 0.00 0.00 0.00 98.19 84.02 94.24 62.14 43.80 25.80136.22 84.79 70.10 74.42 55.03 62.80
i15:0 30H 2% PO M0 0.00 0.00 0.00 0.00 035 000 032 051 000 000 000 000 1.19 000 0.71
15:1 wée 522 [CRA MR T 0.00 0.00 0.00 136 115 137 1.68 073 000 000 000 123 000 0.0 0.00
16:0 20H 522 [CRA MR 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 000 000 000 000 202 000 0.00
16:0 30H 522 [CRA MR 0.00 0.00 0.00 6.0 0.00 0.00 0.00 0.00 000 000 000 000 000 000 0.00
al6:0 24 PO AP T 222 302 297 000 1.76 162 1.88 101 268 000 000 000 563 151 441
i16:0 B2 PR P A 0.00 0.00 0.00 46.05 38.66 43.39 34.26 24.00 18.40 0.00 0.00 0.0 35.88 30.51 30.94
16:1 w5c B QR A A 0.00 0.00 0.00 672 6.67 849 479 248 204 1086 555 527 457 325 347
16:1 w9c¢ WL CEHMEANE  27.64 17.81 1226 693 736  7.54 493 218 1.17 759 551 458 431 3.85 245
10 Mel7:0 TR 0.00 000 000 000 000 278 451 151 234 000 232 28 853 418 3.94
al7:0 2% RPN 0.00 0.00 0.00 1554 12.16 1470 1437 11.92 11.68 21.71 1539 12.77 25.86 1630 19.49
cyl7:0 B2 A AN 0.00 000 000 538 462 1173 11.16 842 6.07 7.56 7.52 1221 13.86 10.79 9.94
i17:0 22 CBH M2 v 0.00 0.00 0.00 1559 11.38 13.34 11.03 9.13 6.92 21.72 17.13 12.92 1745 13.13 16.26
17:1 w9¢ B QR A 0.00 000 000 471 176 248 1.06 0.77 053 658 517 279 0.00 124 1.36
i17:1 wl0c HLGRAMEAN 31.50 1235 10.19 0.00 0.00 0.00 0.0 0.0 0.0 0.00 000 000 000 0.00 0.00
i17:1 w5c TRIRER I A 293 000 1.61 0.00 000 0.00 000 000 000 0.00 0.00 000 0.00 000 0.00
17:1 w5 T R AR I J A 0.67 0.00 000 575 4.11 000 000 0.00 0.00 0.0 0.00 0.00 0.00 0.00 0.00
17:1 w6 TR R 5 0.00 0.00 0.00 7.1 629 7.85 0.00 0.00 000 000 000 000 000 000 0.00
17:1 w8c B2 QB A A 0.00 0.00 0.00 0.00 000 000 6.00 558 223 883 659 000 10.10 6.83 7.96

17:1 w9c¢ 2% PO M2 0.00 0.00 0.00 15.59 11.38 13.34 0.00 0.00 0.00 8.84 8.19 6.15 0.00 0.00 0.00
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Continued table 1 Types and contents of PLFA biomarkers of litter system from microbial fermentation bed in different spatial (Mean )

AKX B X CKX DX EIX

PLFA A¥tRic AR - N " i i
FE )z RE R2E PEZ RE RE hEZRE ®E hREZE RZE R®2E PRE RZ
10Mel8:0 el 514 319 6.00 744 366 562 422 3.13 301 33.65 951 595 845 473 6.18
i18:0 2 R AR AN 0.00 0.00 0.0 0.00 000 000 990 135 1.19 000 000 000 9.8 890 595
18:1 w5c B2 [V B 0.00 0.00 0.0 1.18 095 1.16 0.00 000 000 246 052 135 0.00 0.0 0.00
11Me 18:1 w7c W22 FCPH M 20 P 0.00 0.00 040 021 033 062 021 065 1.32 000 000 000 224 028 148
18:1 w9c FE 33.35 21.08 21.40 196.06 175.05 205.29 167.88109.72 59.97 286.83 169.27 157.30 187.87 147.60 148.33
18:3 w6,9,12 FE 11.35 1090 5.03 0.00 0.0 0.0 0.0 0.0 000 0.00 0.00 000 000 000 0.00
¢y19:0 w8c A2 RV B 0.00 0.00 0.00 634 549 7.74 877 634 697 824 515 7.84 1413 9.05 8.89
i19.0 W22 FCRH 20 P 0.00 0.00 0.00 105 160 184 155 104 086 1090 1.17 258 370 1.86 231
20:1 w7c A2 [V B 1.15 115 080 0.00 0.00 0.00 0.00 0.00 000 000 000 000 000 000 0.00
20:1 w9c¢ A2 [V B 267 262 173 332 370 393 246 226 158 491 461 410 000 223 2.68
20:2 w6,9c¢ A5 335 000 1.56 149 0.00 158 0.00 0.00 000 000 000 000 000 000 0.00
20:4 w6,9,12,15¢ JA: ) 0.00 0.00 0.00 0.88 083 157 202 074 060 097 079 095 203 248 1.18

T HA X (P<0.05) 5 4 B 30T MR B FE 451> 25
(] R 3 A1 St 49 Ay 200 T > L T > TR A

HI P 2 AT UL, A XA 2 U L TR A L 2
T H A X IR (P<0.01) , T G*/G (B B I 22541 T~ H A
X (P<0.01). B.C.D.E 2 XA )Z I Z W] A9 H
W/ EEA GYGEIC & 2 5+
23 ABARARZ BREMBESHEST

W 3 R, K IBERAS [F] 2 [ #OBHE) Simpson 35
%1 .Shannon 54U Pielou 3880 B2 M B #FH 2 % (P<
0.05) . Simpson F5%UF1 Shannon $8 5 KAE Y H PLAE

C XJEJZE, /- m& 0.881 3 fi13.777 9, C XJiKJZ ¥ Pielou
FREK 2 0.709 9, R T A X H[E]J2(0.759 8)FN
A XJEJZ(0.751 1), A X 3 ANJZUKAY Simpson 5% H
Shannon $§ %0/N T HAth X 35§, Pielou $5 £ F HiAth [X.
B, Hr A XRJZFHEZ A Simpson $8 805/, K
0.821 4, A X H[i] 2] Shannon $580% /N, K 2.723 7,
A XH[E] 2 Pielou $5 % K, 0 0.759 8,
2.4 BEF PLFA EBEAAR = HERBBFEEMHRE
S

RTEIRAN [] 25 A BB RS G RN BT 3 s . 24 22

R 2 WMEMARBRART BRI ED PLFA 2 (FHEAREZE ,nmol - ¢™)

Tabel 2 Content of special microbial PLFA for microbial fermentation bed in different spatial (Mean+SD,nmol -g™)

X35 =30 YA I Lk B P PH AR 22 QR M4 e M PLFA
AKX x2 75.87+3.45i 44.70+2.98i 5.14+0.22¢gh 2.83+0.09] 63.29+1.90ab 129.08+10.08]
]2 39.72:3 44 31.98+9.38; 3.19+0.23] 4.0420.16] 33.93+2.5hi 74.90+1.45k
K2 33.31+4.23] 26.43+1.09] 6.00£0.18 5.24+0.32] 24.98+4.50j 67.32:3.66k
BIX %2 769.60+9.28b 196.06:£5.74bc 7.4420.30f 291.43+8.25h 59.98+5.39hc 975.51+7.81b
HEE 660.41+841cd 175.05+1.80d 3.66:£0.54ij 249.99+11.31d 45.77+3.30f 839.9111.09d
K2 757.51x17.31b 205.29+4.86b 8.40+0.32¢f 283.80:14.83bc 59.66+3.54b¢ 974.37£13.02b
CIX 2 580.33:7.20e  167.8810.50de  8.730.39% 221.43+7.05¢ 42.55+5.801g 767.94x25.02¢
AR 409.13+19.02¢ 109.72+9.12¢ 4.64+0.54hi 160.60+4.48h 31.63+1.13i 524.22:£3.90h
i 279.26+10.06h 59.974.54h 5.35+0.25gh 112.67+6.53i 21.75+3.61 345.19:£16.00i
DX 2 994.24+8 36a 286.83£12.11a  33.65+1.56a 357.75+10.86a 69.38+2.27a 1315.7£13.26a
HEE 641.49:2.37d 169.27+9.61de  11.83x1.66¢ 232.22:1.94¢ 52.57+4.23de 823.34x11.85d
i) 553.00:£10.40f 157.30+6.10ef 8.830.70e 189.07+2.78¢ 47.61+1.56ef 720.08+9.611g
EIX 2 689.65+21.87c 187.87+8.95¢ 16.98+1.01b 273.78+4.97c¢ 53.99+2 84cd 896.54+21.72¢
AR 539.50+10.98f 147.605.22f 8.91+0.72de 206.44:£4.54 39.2146.91gh 698.4819.89g
i 570.20+8.18ef 148.335.15¢ 10.120.80d 233.39+14.47¢ 41.47+1.761g 729.84:£19.96f

T : RPN BEE AR/ ING T B3R 22 5 .35 (P<0.05) . T Il

Note : Data within the same column followed by different lowercase letters were significant difference(P<0.05 ). The same below.
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Table 3 Microbial community diversity index of microbial fermentation bed in different spatial (Mean=SD )
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Figure 4 PCA analysis of microbial community for microbial fermentation bed in different spatial
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