ik THH R » 5520% « 1984 (Proc. of Environ. & Sani. Eng. Research, Vol. 20, 1984)
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EFFECT OF PHASE SEPARATION ON THE ACIDOGENESIS AND METHANOGENESIS
FROM A COMPLEX SUBSTRATE

N N * * .
B aE - BB ORE - A EH
Michihiko NAGASE, Tomonori MATSUO, Keisuke HANAKI

ABSTRACT; Acidogenesis from a powdered whole milk solution in a CFSTR at 37°C was
studied over the pH range from 3.6 to 7.0 and HRT range from 6 to 30 hours, with res-
pect to the decomposition of the constituents and the product distribution. The decom-
position ratio of carbohydrate and protein ranged from 95 to 100 and from 20 to 50 per
cent, respectively. Only less than 10 per cent of lipid was decomposed at all pH values
and all HRT values. As for the fermentation products, acetic acid and propionic acid
were the main products in the higher pH range and the longer HRT range, while butyric
acid appeared in high concentration in the lower pH range and the shorter HRT range.
In order to investigate the effect of phase separation on the methanogenesis, the
mixed liquor of the acid reactor and the unacidified substrate were inoculated with a
methanogenic sludge from a single-phase digester. Retardation of acidogenesis from the
unacidified substrate, probably because of the temporal accumulation of higher fatty
acids, was observed, while the mixed liquor.of the acid reactor was acidified and con-
verted to methane without retardation.

KEYWORDS; phase separation, complex substrate, highet fatty acids
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BEEY, BROAZREE, T ArF ~EROTEAMIEE L L THYTH 575, MMALEMECH
NTARY ORAEEN B, MERAKEC KD, BRI R P ALSLEORAND bo T T,
2 ERBRICEINLIBRERE, A2vEREE NS, HMERE, #EZBEAGORXI T OOMER
ETMICHREL, ThEAICK L TREOETRIELRMEL,

AR YOREBEE LT B L e ML L SR L T E solenoid valve
BROTnD, 703 —AFHEBRCLAKRICLY, BERM wou| | | A7 1

RO BCECI Y, 22V ERBCST S 4 5 VERRED |
HECEATAEE, vaysn- VCHT2RERSALEST (P .r--—
2t nEnmrnonTna?% 2, Ghosh 8 KEoT B Y i >
TABROBE S, HIELOHAEMEILICENT, AEn 8 TR
MERCTI LYK EZ A VEBBRATND L LHFENT T : 5 |
VWh, Lbl, HBOEROT bALEEEEEES T, EH 2, lg i ;
B, Rk, EESVRERMTLEOLOCABEZT 0 ; % gg ;
B DECERERMERTBCLICLY, ThLORED D 0 i B

DA FSERICHLTED LS ABRAD HDICONTH~ e 10 Teactor [magetic substrate
BlE % e RHIE, CHOEADEEHTHHSE — 3 12 1

COBRER, A2 HEBROBE*HIBEOBRICEBL THN, Fig. | Schematic diagram of the
FOMBEHET LD TS B experimental apparatus.

* BRI K Univ.. of Tokyo
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2. f 1
RS Table I. Composition of the substrate?
21 EROME Ingredient. oo ed oo

EEBREAE AT ToDDHA R bR D, B—lE~ infornation valye fraction

SIS D LOMEREEY, EREEANTELD Carbohydrate 1701 ]594b 42.9
pH RUMH M TH~2 L0, BTH, REREOR Protein 3% 207 6l
ipi | 1.
BVIC, BADEE LA Ay AKEEBEL, A 220 Lipid 70 786 510
2 = _— 4600 J—
BARIR G Wty FRIRTD Bo w
5 cop(s) — 2050 —
2.2 MRAEME pH FHEER
FiglCRLABEILOEFEL2HVE, HBEEIM ®Expressed as mg/1 except COD fraction(7).
b gg-white albumin.
NS E 3T AOBETKEKCEDLE ooy
B N = Filtrate COD.
3 DT, #MML Table 1 ORY TH B, COD L4600
200D/ £ €, MBI 18 BMICEELADT, Table 2. Analytical methods.
L6132 COD/ L+ day Th b, pHILBHH Gas content Gas chromatography (TCD)
HzavbPrer -7 T, 2NN H ? i 5
_P S n—-7%HAnNT aOH OBEHET VOlatl]'.Z fa‘tty Gas chromatography (FID)
BE LA, BHERAEEOLBRY - I vy THEEFEL acids
CEAERT, pH 7.0 TAERBDL, EHICELLLE Ethanol Gas chromatography (FID)
| . gz Lacti id ..
%2%ﬂk%ﬁ#%l~2ﬁﬁ7*ﬂ%mb,u%pH e Liquid chromatography |
ETATAR, FAKOC _& TRYHE LT Protein Modified Lowry-Folin m.)thod(a)
2.3 BMENBEERMBEERR Carbohydrate Phenol-sul furic acid method
Fig. 1 tAULEBRT, 22 LOEHREEHE >, Lipid Bligh-Dyer method (5)
HE, BHEREZ21ELFBULTH S, HERME 30 KT Higher fatty Gas chromatography (FID)
AELHD, 1 ~2BMOR%F - 24Bokd s, K acids® i
K@M LR LT\wok, pH XEHICNa HOO, Lower fatty acids with the carbon
*%mLT 6.0 £01 K>~ hrlumber of 2 to 6.°
R ' Determined both before and after
2.4 AT KR saponification with the lipid sample.

Fig. 1 OH L5 2 HWAREH 20nt%k, BEHNTOMO 4 TAHICERY, BHO A2 EREOE
EREEERAEL, SHAEBDO 0, 2 N, TH-v L AObERTE, thEMAELBEL, ¥ 7 )78
C1ETOHEHEL Tnhok, RARK BERBCALMOEREBLOWTIFROBELTT 2N, BERN,
AEHEBRORIE LB 7,

2.5 S

SHEB RS HED Table 208 Y TH D,
3. EBRBRLIEHR
2.1 pH HEER

K pHCH T AEREEFOANEDOFH% Table 3, Fig. 2, Fig. 3lC/RL %, Table 3 FHAC
ODREDL I ABCEBRINCHENCH L ZTHAELLBER T S, T LA, pH 3.6 X140
OBEEBNT, CODEBRRIALANALNI0~40% TREZZER RS EEL LR AL, BRINKC
ODOHTHKRER 6 EZ TOBREBARIE(, 80~90% 2505, RNT=E/ ~AhBE 5~20
%ThbH, pH N3 6DHEZTHRTIE, LR, BROLHNER NIV, EHF RFOKEOA KDL pH54 T
EREZD, T0%BRICET S, CODIKHMAT LELEEEFC NI, BREFNBLCSWIELEENZCO
DEFEEdZrokEFEL LIS,

RICHEBORIPICTON BRI EHREL T2 5, Fig2ldR LA Lo, RAKIWE pHT70~45 ©
BWETIS B U ENGE I, BERHEOSBEL pHEBWERERTFL 2ok, pH 6.0 LETRKRE
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ZEZHE T LT, ERTD Table 3 Steady-state data in the acid reactor at different
pH values?®

50% W%k Th b, HEAOHE : ,
Operation y p HLac® COD Conversion
COD 4
KA 10 BT E{E\n, 188 P period OO COXS) MVSS VFA® pFor ECOH B, Tarios
7.0 '
B2 > P T U A 16, 4486 1998 413 1452 45 177 4.0 36.5
6.8 15 — . 1678 62 .9 .
DEBEIEZANWEELTLWT 6 %6 0 %6
~ 6.6 13 4307 1880 447 1609 5 90 O.1 7.
»59, Tablel KR LR 6 00 7.0
6.3 12 — . 1847 25 246 13 46.3
M b#E% T, Table 3 Dz
6.0 10 4503 1949 391 1449 25 159 O 35.5
MELCHFELTHEDE, K
5.7 9 . 1640 16 134 74 40.1
DRI NIPOALETH B EE
5.4 7 4490 1910 .~ 490 1373 48 248 101 37.9
2 bh b,
) . 5.1 8 - — 1327 37 321 57 37.6
B®IC, pHOZELKS 3 5
o L IC - 4.8 9 4430 1875 425 1120 O 282 73 31.7
ey | SN
B oo 4.5 9 . — 1275 0 146 138 31.5
Fig. 3 % \B I
A %o Fig 3 2 29 4o 6 4421 1847 406 1020 53 83 35 25.7
, , 7 et g, )
i, HER = B, BB, 4, 10 4617 2096 352 595 287 43 O 20.1

FERNBEBEEM TS %,
58 BzE »EJE *Expressed as mg COD/1 except operation period(days), MLVSS
B, 7edA B pHOLEHA (ng/1), H,(mg COD/1-day) and COD conversion ratio(Z).
b . . . . . N
3 VFA=volatile fatty acids, HLac=lactic acid, HFor=formic acid.
& & HCHRT BBRICD 2. ‘Fraction of COD converted to VFA, HLac, HFor, EtOH and H,.

BMREFOERETRL, pHB6LUTTE<AD, pH45T |

BAE%D, pHOEBICH N, £HHEDLNERBRELE "

_ . ® 580 @ carbohydrate
T+52L%TLTWnWb, Zoetemeyer b i, rna-x B @ protein

100007,/ £ ZHHELT, pHAERBEITR TR, §O O lipid
%nmlhd,%&ﬁpH&5~45T$@L,&H—%@vgw

A ERDL, 6.5 FBILICENDLELS A>TV, ThiCKH §2

LTHRIIBEBR LD 3%, pH 4.5~7.0 TIHIRIE—E,

7.0 %2 5L BBREIHCHEMNTE, 74 BREpHST 0 3% 40 5.0 5.0 7.0

pH
DT THRTLIPEHOCE NIV, 2D CARDLZD OR Fig.2 Decomposition ratio of the constitu-

BETCHET L, BBMAE pH CEBT BT L, BROBHL  eots at different pi values.
EEROMMALITT 5T L RAFBRE

B3 A5, 7o't B BROE ,USOO @ acetic acid

5 ® propionic acid
BINE LS, pH 6.0 L F CRREEE, ‘“1‘00 A o-butyric acid

E W o—valeric acid
pHGO"‘"]OT’\i—Eﬂ@%ﬁ&; éﬁ § O formic acid .
BROBFTHBRTHHOILCRHLT, 84 A Lactic acid %0
ERRTREWHELE L AR ICE>T P E
nWbEEL b B, Zoetemeyer fb@‘gzoo 200 8
HmETHE, Fﬁ?K{b%?&Eﬁiiiﬁ%@%g é

[ W
6.3 TH %, %@%E%%ﬂﬁi@ﬁwﬁf§ 100 loog
BHMOE, EEEKDOEN LBRET5 - - .
BERDS S, 0 3.6 4.0 5.0 6.0 i 7.0 0
3.2 MEMHMBRERR Fig. 3 Concentration of fermentation products at different

SEBRBLC LT D55 BEOFH% pH values.

Table 4, Fig. 4, Fig. 5 R L7/, MEEHMN6RHMErL308BMET, CODEBERREICKNE 22X
HHhT, BOgBMABRERICHENE EZWNE T, BKIEWIEZ 3.1 ERRICIEEAEFTREIKT LT
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WL EBEHEO BRI M ER Table 4 Steady-state data in the acid reactor at different

a
Momme & ICH < b5, : ART values: :
HRT Opggggégn oD oob(s) Mvss vra Hhac peoy B, COD conversion

6~25 BRI TIE A& Ry (hrs) HFor ratio
% 30%FMBETH B, ML 30 16 4446 1933 460 1483 34 148 1.4 36.2
. 25 8 4617 2101 474 1591 42 131 36 39.2

VSS OoF—-42pbidEms
20 7 4410 1985 412 1732 84 71 26 41.5

BEKREZLEENBETE
15 10 4514 2007 465 1507 30 65 1.4 3.8

ns, BABOLABED6
10 10 4431 1923 401 1400 — 142 107 3.5

B TEAEZ>TnD, 6
6 7 4593 2052 483 1081 — 236 212 29.8

REMTOHEM TOERL &

aFor reference see Table 3.

R, MLVSSIVIEMELEL(ERTLIBENLETSD

2

Bo WEOAMEES 1 LFM 10 5 UTLEN, BREMs O] o—o—0—0—0—2 {107
BORMTY A 4 Y ORENBOA RS oRD, DT EHEE S0F  emoron Jo.sE
OABEDEIOREICE >Tind L EL bh b, Sl memiric sate of protein {0
Fig. 5 ERBENOMBENLERT. HEHMERAZEH 2 decomposition 3
B, 7 n B, BEARDSTEGAKE LHTh B, B 104
BRRMSBARETERT D L R LT 5, BB 72 S0 0.5
I -=211700%,/ ¢ 2 ¥HELT, BADpH CHKT 2 ER oo O &
BOMBBRERNTWEN, pH 5. 0~6.5MfITT7 o4t yBR 0 6 0 ZOHRT,ZShourgo 0 E‘?

Egg(fc tﬁﬁ‘j’éo ﬁ@ ﬁfﬁi%kk’@?% t; ﬁ% %@%%%ﬂ 24 Flg 4 Decomposition ratio of the con-
R, Zoetemeyer LOBEMNILIHBEEZ>TnE, 2D stituents at different HRT values.

P, TREABAMERRETEC WIRTAHC L AT @ acetic acid
w propionic acid
LTwaEtZs bhib, 500 Ao-butyric acid

3.3 SNATAEBR

N4 TAERTIE, pH 6.0, 50, 4.0 CE&ELA
REBREORABRIEDNWTENEFNIT Aok EREHR
RUKBORDICHEHALAEREEOHRICDWTHE
Table 5% &k, B, HAMOHR%E, BRERK,
AR EROEE CBT 5, Fig. 6 & Run TO
REA 2 VERE, RBBREREOEREE/LE, COD
DOERBTHMLAZIOTH5, Run 1A, 2A, 3
AR Run 1B, 2B, 3BO22Os/ V-7 %k
ThHE, BREREERESREICEELALBE, BAEK, » £

. - Fig. 5 Concentration of fermentation products

CERVERE ETTLOCHL T, EEECHERET at different HRT values.
HEEBMEN 40D ML AL O TRERIC—REHZEHRI bN Ak, TORATRRKILDILIZIZ100
FHBREINT D, COBEREFTL HEPHECERAT A0 TS5 5%,

BREOABRICHTHHEIEONRE, TEHEEHONMKIBORAL LBE LADH Table 6 ThHb, T
ALBICHE T A EMIEFREC L >C, FHEHOZ2 2 TREL T ABMNTMTELLTNE, vy
FOHRERO S b, BRERE CTHKAHBEINLER L pH5.0T30.6%, pH4.0T13.8% LEW, fE
BIEALT, #HLBOMHRE, REKEICENTPEFHOMKFIENEFT T2 L0 THEL,
ABHEENBRERBECREINTHAT 220, BEA L VERERL Acetogenic HIKBREL 2 %25 C
&, BNEZLLN D,

KCHEBOBRYINCEFOBEHEFLTHA LS, Fig. 7, 8 Run 2, Run 3 KOoWTRKLH, &

¥ n—valeric acid
400} © formic acid
D lactic acid
A ethanol

200} 200

Concentration, g/l as acetic acid

8
‘Concentration, mg/l

06 10 15 20 75 30
HRT, hours
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BHE, REOABEE-IDTE L, BUICKK

Table 5 Condition of the vial experiment?

BT DO NWTEL D, Run 2 A, 3 ATIEEEREL Run No. Substrate (0] c(s)  MLVSS
, R ixed 1i £ th
RCIRIER KO BBERTL TS, LL, 1A r;éid diéglslggr?pH 6? 4520 1875 413
HEEEFEAARun 2B, 3BT3% Fig. 7, Fig 1B ngcidified 4435 1920
845, BRUO1RATRAKMINEZS AoTnDHL N ;gngr?gzuor of the " —
<ed 1 1801
Lt B RAILHEERERIC LS00 DA acid digester(pi 5) ot
7B unacidified
Z(L Tablel X b# 43 % TH 5, = ORKIHIC substrate 4376 2031 —
s . _ mixed liquor of the
HMEF25CODMA 5/%%@67%@%%3‘%5 34 acid digester(pH 4) 4672 1685 382
% Fig. 6 CE>THNB L, Run 2ATH 4.5 idifi
tg 2 an # 3p  Jnacidified 4485 2113 __

B, Run 2BT# 6B, Rvo 3AT#4 H, Run
3B CH5HTH %, Run 2A, Run 3A T1F, =

®Expressed as mg/1.

REVAEHIIC, BASMCEAT o " (4) Run 1A 0] @ oot ive medhane
TTRIBEMERTNEDITT £ 80 g oo} ®amlative acid
’ o . uction

5550, KAWL LD 2 A £ & E sk

YERBZHEIBCLoTIRE § o n
2 ¥

REINTWHWEWEZEZ b L § 40| @ cunulative methane % 0 (B) Run 1B
g' production <

9o 2 & cunulative acid g 0

KICBEBILCDONTEL B, _ poduction , ,

. 0 2 A 6 8 10 12 0 2 4 [} 8 10 12
ERHERREZB D NIWI Tocubation time, days Incubation time, days
, Run 2A & Run 2B, Run 100 100} o cumalati “

° o umilative methane
3ALRun 3BOHEIKH 3 b B\. (C) Run 2A ™ production
. 'S 80 .LQ 80! mcumlative acid
R\, Ok, BEBEOS © o production
BOBERBEEY, HEBEH & 6O £
1 e
LOBER, 2R VERICKE : g
AT\ L EEL LS 8 ® cumlative methane S
° L production
% I KEEBD S %N g 20 m cumlative acid § 0 (D) Run 2B
EEROL SCE DD production
HFETE, HABOPHRIIKE - N RV L A S S S (VR
CEHENENE LS Incubation time, days Incubation time, days
BRICEALCOWTEL %, 273 Run B\I(D (5) 100 @ cunulative methane
) E) Run 3A &2 oduct i
2A& Run 2BEHBLTHIO,  dg $ ) mcmtaive acid
Run 2 A CHAHEHOMASBE1~E B Pt
=]
2HTRTL TN MAARTER LA G 7
L
RBETR S ERL T 22, ZO®RET § 9 o cumtative nethane £ |
AeHIABERD TR, TAICHLTE 5 poduction g g9 (F) Run 3B
[ mcunulative aci
Run 2 B TRIFTAMLBROBRIRIIRY 2 f production ) )
" . 0 2 4 6 8 10 0 2 4 6 8 10
HEZTHMLTnE, TR Fig. 7H Incubation time, days Incubation time, days

OHFE#, 10000rpm T 10 FM% /LA  Fig. 6 Acid and methane production from the mixed liquor of the

o . . acid reactor operated at three pH values and from the unacidified
BELABERBIRTHLHMELAIOTS substrate.

B, B0 2 BMICHEREGR LT3 OBER~BFTH20TH5 9, HREAICHBT Lk T
25, HBAF AP ICmADBEINL DR LT, ERLABREHROSEAS Run 2 AICH~NTERT
\Who ZOEhA Fig. 6 FORERKOBHICHEF 23 0EEL bhb, Run 3 ATRBWO1 HTH
KABBETLTnD, ZREFABL, GRIEHRONMLEATHD, 22T Run 2ALELC, 2
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BEEOCBRIEHBOE Table 6 Free and esterified fatty acids in the acid digester?
total
BlIEAEALNERIDD, F# C8:0 Ciowo Cr2:0 Czo Crs:o Cinwo Cignt Cw2 SUM ipid

DHEOHBAE e Bun  unacidified os® 0 0 0 0 0 0 0 0 0 786

3BCelmASmIczg SUWbstrate tF’gglidggttY 5.5 8.9 62 38 165 308 84 8.4 680  ——

ERTDOECMAT, B g riquor oo i3 0 36 64 0 39 69 0 0208 931

BRI O 73 B4 Run (ot 5) total.dfatty 0 4.9 54 41 185 309 108 0 702
acids

3ACHNTYBPHIC
free fatt
a0 0 0 4252 0 0 0 9 . 945

%oTwWwhb, Run 2, mixed liquor aclds.

(g 4) total fatty g o 52 27 172 342 89 0 681 ——
Run3 O#REH» b, Hi& acids
” - Expressed as mg/l. PFatty acids before saponification,
HElGn b OBER, + £ °Fatty acids after saponification,

YEBRCENTE, mAKSBLD S, HE @
WEOBRIEHRO HEIREEICRE>TW

m carbohydrate
(A) Run 24 (B) Run 2B Aprotein

@ total lipid
@ free fatty acids

AT EDBERING, < W - 0 ototal fatty acids
Tt A4 TARBRICAR A £ g B E

ﬁﬁ@$ﬁ%§énk%@féékb,3gm A g

S0 Run #EOETRAROMRERT § | F AT,

VOTHANE LD, UL, BERME | Jou ten s £

ERT L ELY, RECHEENDPZS
EHRZER, HEER I ZHFELE

ChrrREMETELLOLEELLRD, ° oo ° 0 : ‘ 5
Incubation time, days Incubation time, days
4. R Fig. 7 Time course of the concentration of the constituents in

(A) BRI & W TR A(biid pH 4.5 R 2A and Run 2B. Lipid was extracted only from the solid

fraction after centrifugation.
~7.0, HWBEEM6~30 BHOKHET
400

95 % L s n & , 400
% # -1:7535}%% ko HE (A) Run 34 (B) Run 3B ® carbohydrate
E@%f%ﬁ@{ﬁ:( 10 % L/L_Fq lcarbot:rydrace ~ Apmcein_ )
g B g E e
3 * A [ ipie a
e sz %o bdfﬁ i &HE =2 0 free factpy acids - X O total fatty acids
BOmASEY pHE 0T T  toral fatty acids &
© s
H <
306 %, pH4.0T13.8% §>zoo %
H A 8 g

(B) KA 2 b OREBEED 10
DRI bHrkBE, BB,
Tuex o BRELYSEEN

(9) a0 o T2 4 & 8 I 3 ¢ —
23c Y] %5 . , E)
LIN % < Tncubation time, days Tocubation time, days

pH4.5~50, MHEEME Fig. 8 Time course of the concentration of the constituents in Run 3A and
~ 10 BEMO@in & Eplg 3 Run 3B. Lipid was extracted from both the.sohd‘fractlon and the super—
natant after centrifugation.

L,

(O BEREEEBT ALY, RENR 22 EFED ST Acetogenic BICHT2HUEDEKR %R
LATREEDR R AN,

(D) MABEIC L » TR bORBEDOBRETHIHTELZC L, REOEMEREMING, ZL0E
R b, HAOBMR AL VERMORESREM LI LT LENHARETE 5.
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