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Most of orange peels are disposed from orange juice manufacturing process. Thus, our purpose
is to utilize these orange peels as fermentation substrate. We have investigated culture conditions
and factors influencing citric acid production by an isolated strain, Asp. niger. Citric acid prodc-
tion was much higher in semisolid culture than in submerged culture and the particle size of ground
orange peels was favored at 20 mesh in semisolid culture. The optimal pH and temperature were
4.5-5.0 and 30°C respectively and the temperature cycling at 35°C for 20 hrs durig exponential phase,
10°C for 4 hrs and 30°C during stationary phase showed higher citric acid production than did at
fixed temperature, 30°C. The addition of NH,NO; 0.2%, MgSO;7H,0 0.1%, methanol 2.5%,
ethanol 1.5%, to culture medium promoted citric acid production but the addition of trace metal
ions as nutrients had not effect on the acid production in orange peel medium. Under the optimal
culture conditions, maximum yield of citric acid was 80.4% in solid medium. Almost of all original
components of citrus peel was consumed by Asp. niger during fermentation.
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Table 1. Culture medium for the citric acid production,

Submerged
culture

Semisolid Synthetic medium
culture g/l

Dried orange Dried orange

peel 6g/ peel 6g/ Sucrose 150

100 ml Tap  6mi Tap

water water NH,NO; 20
KH,PO, 10
MgS0;7H,0 2.5
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Table 3. Operating conditions for the sugar analysis by
HPLC.

#-Bondapak carbohydrate

Column (Waters)
Mobile phase 80% CH3CN
Flow rate 2 ml/min
Sensitivity Atten. 16X
Chart speed 0.5 cm/min
Injection volume 10 ul

Table 2. Operating conditions for the organic acid
analysis by HPLC.

Aminex HPX-87TH
Column

(Bio-Rad)
Mobile phase 0.008 N-H,S0,
Flow rate 0.7 m{/min
Sensitivity 0.2AUFS
Chart speed 0.5 cm/min
Injection volume 10 ul
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Table 4. Chemical composition of Mandarin
orange-peel,
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Table 6. Effect of initial moisture content of orange
peel on citric acid production.

Contents Contents
Components [%o(w/w)] Components [%(w/w)]
Moisture 124  Crude fat 1.3
Carbohydrate 78.5  Citric acid 1.14
Total sugar 34.4  Potassium 0.64
Reducing sugar 14.1  Calcium 0.20
Pectin 25.3  Magnesium 0.03
Hesperidin 52 Iron 0.012
Naringin 2.9  Copper Trace
Crude fiber 4.3  Znic Trace
Crude protein 4.8 Manganese Trace
Crude ash 1.5

Table 5. Effect of the particle size of orange peel on
the production of citric acid.

Size Citrie acid (%)
(mesh)  Submerged culture® Semisolid culturec

38.0 50.7

40.5 54.3
12 43.4 59.6
16 45.6 63.9
20 50.7 65.6
24 50.9 64.2
28 51.3 60.4

a: Citric acid content/ Total sugar content =%

b: The cultivation was carried out for 7 days at 30°C
in orange peel medium (6%)

c: The cultivation was carried out for 3 days at 30°C
in orange peel medium (100%, w/v)
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2 34.3 40.3 7.7

4 47.4 52.1 7.9

6 56.2 65.6 6.2

8 62.4 65.4 6.2

10 70.2 63.2 6.4

12 70.8 60.7 6.8

14 73.7 55.8 7.1

16 76.1 42.5 7.4
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Fig. 1. Effect of pH of orange peel medium on the
citric acid production in submerged culture.
0-0: Submerged culture
0-0: Semisolid culture
@ -0: Residual sugar in submerged culture
m-®: Residual sugar in semisolid culture

812 20mesh A5 wir} Eobx & wle} o] 1
A Q8 E HEol o] & 7% 20mesh W7} o4
Holw o] w) zs]¥t A7t oxygen carrier 241
Agate] T el FFE CINE Aoz Az
Hret,

o o

axefx|e] st

AES bgell FEHEE +E-& A7HF An aA
o AA s+ FL 60% HARR, o] w 2o o]
£x }353gc(Table 6).

o] FREgeke wlkEe B 2 @
ke T8 AR R o wixl AA
o] Az=Ao] FolA=Z HFAo) B4 fA
Z ¥ camier & A7MleE 45 Yo
3

Astoll SJabd ) AAteE W



Vol 17, No. 5

Table 7. Effect of incubation temperature on citric
acid production,

Patterns of Submerged culture Semisolid culture
incubation

temperature 3 days 6days 3days 6days
A 31.5 46.6 60.4 34.9
B 34.4 50.9 65.6 32.8
C 32.7 47.4 61.9 31.7
D 30.5 41.8 58.7 28.5
E 31.7 43.6 59.4 29.7
F 34.8 52.9 68.7 36.9
G 35.7 54.2 69.5 38.1

A:28°C B:30°C C:32°C D:35°C

E: 30°C for 20 hrs —incubation at 35°C
F: 35°C for 20 hrs—incubation at 30°C
G: 35°C for 20 hrs—10°C for 3 hrs— incubation at 30°C
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Fig. 2. Time course of citric acid production in
submerged culture.
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Fig. 3. Time course of citric acid production in

semisolid culture.

0-0: Citric acid yield at 30°C

®-0: Residual sugar at 30°C

0-0: Citric acid yield at 35°C for 20 hrs, 10°C for 4 hrs,

30°C for 72 hrs

m-B: Residual sugar at temperature cycling
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Table 8. Effect of potassium and phosphorus sources
on citric acid production,

K P Concentra- Submerged Semsolid
tion (%) culture culture
sources citric  dry cell citric acid
acid(%) weight (%)
(mg/50mi)
Control - 50.7 1,198 65.6
0.05 53.3 1,304 67.4
0.10 54.9 1,341 68.7
KH,PO, 3
0.15 55.6 1,424 68.1
0.20 54.2 1,225 66.3
0.05 52.3 1,308 64.8
0.10 50.4 1,304 60.2
K,HPO, ’
0.15 48.1 1,390 57.5
0.20 42.5 1,268 49.8
0.05 50.9 1,311 66.2
KCl 0.10 50.4 1,304 65.1
0.15 49.1 1,387 62.2
0.20 41.8 1,380 50.3
0.05 47.3 1,396 64.3
0.10 45.8 1,390 63.8
KNO,
0.15 40.7 1,386 60.6
0.20 37.2 1,374 52.4
0.05 46.7 1,390 63.2
0.10 42.5 1,388 60.1
K,30,
0.15 40.1 1,371 54.2
0.20 36.8 1,369 50.5
$714 Aol QoA Atte dEE vlAE Re
2 4#|A gloh, Cocker(24) 58 v|E3 w2 A7
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Table 9. Effect of metal ions on citric acid production,

515

Metal ions g)%r:;i) Submerged culture Ssgtilsli}aid
Orange peel Synthetic medium
Citric acid(%) Dr(ym ‘gjgowrfght Citric acid(%) D“(’rggl/ggfr‘l%ht Citric acid(%)
Control - 50.7 1,196 81.4 1,570 65.6
2 50.2 1,246 81.8 1,589 64.8
4 49.7 1,328 82.7 1,604 64.2
Fe2+ 6 46.9 1,241 83.6 1,614 63.2
8 45.4 1,221 84.9 1,625 62.5
10 41.0 1,191 82.2 1,618 68.7
0.2 50.4 1,249 81.6 1,594 65.2
0.4 48.7 1,287 82.4 1,608 62.3
Mn?2+ 0.6 44.1 1,219 83.1 1,621 60.7
0.8 45.3 1,193 80.3 1,217 54.7
1.0 41.7 1,186 78.7 1,543 49.8
2 48.2 1,192 81.8 1,592 64.2
4 47.5 1,167 80.7 1,583 60.7
Cu2+ 6 42.3 1,160 76.4 1,576 57.5
8 40.1 1,124 72.5 1,554 54.2
10 38.7 1,110 70.7 1,632 50.3
2 50.4 1,202 82.5 1,582 65.7
4 48.7 1,204 83.4 1,694 62.4
Zn2+ 6 45.2 1,193 81.5 1,602 58.7
8 44.7 1,174 78.8 1,574 54.2
10 40.8 1,154 72.3 1,560 51.5
0.1 53.2 1,242 81.5 1,594 67.4
2 52.7 1,254 83.7 1,644 65.1
Mg2* (g/l) 0.3 48.4 1,248 84.5 1,678 64.5
0.4 42.5 1,211 81.1 1,674 58.2
0.5 40.7 1,198 76.2 1,622 57.8
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Table 10. Effect of alcohols on citric acid production,

Semisolid

Additions Concent- Submerged culture
culture

ration(%)

Orange peel Synthetic medium

Dry cell weight Dry cell weight

Citric acid(%)

Citric acid(%) Citric acid(%)

(mg/50 mi) {mg/50 ml)
Control - 50.7 1,196 81.4 1,570 65.6
1 59.2 964 83.4 1,240 74.9
Methanol 2 64.8 826 85.2 1,010 78.9
3 73.6 787 85.6 940 68.9
(viv) 4 65.7 701 81.2 860 64.1
5 494 615 75.6 725 64.3
0.5 59.8 1,024 82.8 1,290 66.7
1 69.4 984 83.7 1,148 72.3
Ethanol
1.5 69.7 854 84.2 1,074 74.4
(viv) 2 69.2 802 83.9 979 75.3
2.5 63.4 786 80.7 833 67.5
0.5 51.4 1,104 81.8 1,480 65.9
1 50.9 952 80.2 1,310 66.7
n-Propanol
1.5 48.7 902 78.6 1,178 64.3
V) 2 43.4 810 4.2 980 60.5
2.5 40.7 743 72.8 884 59.1
0.1 54.2 1,074 83.56 1,457 67.4
Sodium 0.2 50.1 1,013 81.6 1,401 66.7
monofluoro- 0.3 48.3 948 80.7 1,323 62.3
acetate(w/v) 0.4 42.7 875 78.5 1,247 61.7
0.5 40.6 810 78.1 1,167 61.5

Table 11. Effect of inoclumn and methanol concentration,on citric acid production and sporulation in semisolid
culture,

Methanol 1% Inoclumn 2% Inoculumn 3% Inoculumn
added Citric Sporul- Citric Sporul- Citric Sporul-
(%, vIv) acid(%) ation* acid(%) ation* acid(%) ation™*
0 65.5 ++ + 66.2 ++ + 65.4 ++ +
1.5 75.7 Ns 73.2 ++ 70.2 ++
2.0 78.9 Ns 74.7 ++ 72.2 ++
2.5 72.4 Ns 79.2 Ns 78.7 Ns
3.0 63.9 Ns 79.1 Ns 79.3 Ns

*Ns: no sporulation  + +: partial sporulation
+ + +: complete sporulation
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Citric acid

L Oxalic acid

e e

Fig. 5. Analysis of citrate product by HPLC.
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