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Fermentation studies were conducted in batch and continuous flow cell-recycle reactors with food by-products as substrates.
The genus Propionibacterium acidipropionici ATCC 4965 was utilized in the production of organic acids. Good performance
was achieved in the batch fermentation using hydrol as a carbon source and corn steep liquor (CSL)} as nitrogen and
vitamin sources. Product yields and productivity based on maximum values were 0.80 g total acids/g glucose and 0.26 g
total acids/Lih, respectively, when 3% (wjv) of hydrol and 2.5% (w/v) of CSL were utilized. Continuous fermentation with
cell-recycling system using the optimum amounts of substrates resulted in dramatic increase in cell concentration (X) and
maximum productivity (P). Compared to the batch fermentation, X and P were increased by as much as 21 and 13 times,
respectively, at the dilution ratio of 0.2 hr', indicating that cell recycling fermentation of food by-products provides valuable
means for the mass production of organic acids as well as utilizing cell mass as good nutrient resources.

Key Words : Propionibacterium acidipropionici, food by-products, organic acids, CSL (corn steep liquor),

hydrol, cell-recycling fermentation
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Figure 1. Cell-recycling fermentation system.

SagHs 3R LdEaFXe FF 01 e MF
Module (SAMBO global)e] A€ WA EA ARARE
AF8-3lFRon, WEHIT (Watson Marlow 313)E o]-&3}d
AREL AT RPEY $E5F YE AedAge
EA AEFEE 24 FAANHG QxS d4588



486

AAE Fig 19 vdepd #peh 2o Oﬁ%\g A
t AgoR A% wrdn HEY §48

Antiform A (SIGMA, A-5758)2 A}-881% T}

o’I \1)\'

V]. (xJ/\]- Eiﬁ]ﬁ./\]— ty i/k].)j/,} A
PLC (JASCO LC-900 Series)E A}g-

2 HPX-87H (Bio-Rad)Z 34 50T
Z #7 o}fﬁ] /\]- ]—ﬁ‘:} HA UV/ VIS DetectorE ©]£-3}
o 7149 FEE PHRGoR B ¥ 38 Ad:
UV/VIS Detector3] 22 RI (Refractive Index)o] AZAAIA A}
£33k Pumpd] #4534 48L& 0.6 ml/min, 50 kg/ewe
Z 3193, o5 &uE= 0005 M HS0E % &4 o
#}ate] ALL-3lTh Biomass 3N e A% FHE AL
3l Algroity B335 A (Shimadzu, UV-1201)E o] 83
540 oA FFEE Z339 v F T

30
q o
254 —4o—HIa
% 1\3 —eo—T0a
m-
b o-0-¢g- 000 —9
o L
S B .
o j o
% 01 o 7
Q / \
&
5 9 P
u/.‘\r, &rrrey i\.: b —frrlier—iy
20 40 60 8 100 120 M0 160 180 200 220
Time(hr)

@

Korean J. Biotechnol. Bioeng., Vol. 19, No. 6

% 922 w89k CSLY| 10%Y i Fig 2014 BE
H}S’Jr 2o] 13AZ whel] FFA27t BE Avggled, 2
& AR FRK71MF A (Toa)® HE ) =2starh Al
EFL LE 764 W] HulR QFsigen ¢ F5 ¥
77}1} A3 AHE A&HeR fAUT F0 bk
QB HLe WE Zue] SR} SHHD} B 2R
24 (HAQ® Zzvleq HPIo.Z FBANL. AF 24,
xZguleAate] oS Zbzt 356 g acetic acidlL, 14.02 g
propionic acid/LZ YElgT)

Fig. 32 CSLo] 25%% wje] wa A3y AnzA 272
227} 90|17 Aol s} Avls]e] CSL 1.0%Y wel
3 dAb S} oF 207 o) wWeEbES & 4 itk =
g HIRS Aol {74 AT WE mgstd FHF
227 Za2aled 5571 2zt 4.85 g acetic acid/L, 17.19 ¢
propionic acid/LE Vet AEgS vtg 704712 A3SE
Al HAE S Fa F8 F X dR2E At

A%k CSL 10% & Al vlus) 2w $E &%
WMol ME o 20% ol¥ B Hgor HF f714 AdRE
25% oA} ZArE|ith

CSL ¥% Wald w2 AX $83 f7)4 A4S wuw
AESEA Table 10 Jehdoh 27 & 28 azHE
o] CSL gtFe] J7igel wel A &2 718l 2.5%

30
—u—HPr
%5 —A—Hk
- —O—Drycelinmss
S 2
£
g ﬁj g T E-E-EE-E—u
5 /
s
8 51 O——O*’o/o 2 O @
O -/O/A/A"“—‘ —A-A"R—K=0—4
0 4 T T T T
lﬂm&ﬂﬂﬂﬂmﬂﬂﬁﬂmmﬂm
Time(hr)

(b

Figure 2. Batch fermentation of strain P. acidipropionici ATCC 4965 with 1.0% (w/v) CSL and hydrol glucose (30C, pH 6.0).
Toa, Total organic acids; HLa, Lactic acid; HAc, Acetic acid; HPr, Propionic acid
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Figure 3. Baitch fermentation of strain P. acidipropionici ATCC 4965 with 2.5% (w/v) CSL and hydrol glucose (30°C, pH 6.0).
Toa, Total organic acids; HLa, Lactic acid; HAc¢, Acetic acid, HPr, Propionic acid
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Table 1. Performance comparison in batch fermentation
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CSL (%, wiv)

0.5 1.0 1.5 2.0 25 3.0
Hydrol glucose(g/L) 32 30 28.6 32 24.4 29.2
Maximum cell yield(g drycell/g glucose) 0.15 0.17 0.23 0.25 0.29 0.26
) Propionic acid 11.44 14.02 17.67 18.81 17.19 19.54
AC*(d pone Acetic acid 4.52 3.56 48 5.37 4.85 5.43
oL Lactic acid 0 0 0 0 0 0
Total acid production 15.96 17.58 22.47 24.18 22.04 24.97
Product yield(g total acidfg sugar) 0.50 0.53 0.71 0.69 0.80 0.78
Maximum productivity(g total acid/L/h) 0.05 0.14 0.16 0.15 0.26 0.26
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Figure 4. Cell-recycling fermentation of strain P. acidipropionici ATCC 4965 with 2.5% (w/v) CSL and 3% (w/v) hydrol glucose (30°C, pH 6).
HAc, Acetic acid; HPr, Propionic acid
(a) Dilution ratio(D) = 0.1 hr''; () D = 0.15 hr'; (¢) D = 0.2 hr'
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Figure 5. Product yield and productivity in cell-recycling fermentation.
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