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SCP Production from Mandarin Orange Peel Press Liquor
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The bioconversion of mandarin orange peel press liquor to single cell protein (SCP) by two yeast

strains,

F-60, and C-7, which were isolated from mandarin orange peel was carried out and com-

pared with that of using Candida utilis IFO 0598. Experiments were directed toward the high
yield of biomass and high protein in cultures of the strains mentioned above. Candida utilis IFO
0598, F-60 and C-7 strains were cultivated at 30°C, pH 5.2 for 3 days in shaking flasks. The effects
of some nutrients on cell growth were studied. Cell mass and protein content per cell mass were
increased by addition of urea 1%, KH,PO, 0.1% and MgSO,-TH,0 0.05%. When the F-60 strain
cultured under the optimal conditions, cell mass, growth yield and protein content were 41.2g/1,
53.9%, 59.7%, respectively. Cell mass was also increased up to 15% by modifying the fermentation
condition on the bench type 20/ jar fermentor. Crude fat content (10.3%) of dried C-7 cell was higher
than those of C. utilis and F-60, 4.9% and 5.6% respectively. Total protein content of the F-60
strain was 59.7% per dry weight. And we compared their amino acid compositions with that of
FAO provisional pattern. In the case of the F-60 strains, amino acid contents such as lysine, leucine
and isoleucine were much higher than those of methionine, cystine and tryptophan.
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2 pEAsE Fadon Rl Debar
yomyces hansenii 2.2 A0 g/l WH2lel TAE 1%
2 Lequerica(?7) 52 Candida utilis & &9
abaa] shokdiol 4 ZHEatg]e] ek §HEFE 18.5%
i Ik S LA R

gt Long(8) 52 Acrobacter aerogenes 5 ©) &
5% w99 23-butvlene glycol-& 4§43t 2 v
McNary (9) 58 2ALMEE E<te] HuldZllos
HE vinegar Azl teAdd ATsicln qtAd
ANEAAS daie 2EelR] 288 peel oil ¢ Al

77} wetor fetn ek zeid oled aole &

24 o8¢ musln govt AAE o f4el A
Aee Fdgtel olFsofof & Aolnt zejmz
Aol NE 2EAY HEAE 142 sl &
2o wopzAL Adelod FHL U A Sel
439 2247 2 A7E AVl nnat uol
o,

S EREOLY

MEDRF W J]28HX|

2 Adol AEH" TFE Candida wiilis IFO
0598, Kluyveromyces lactis IFO 0648, Saccharomyces
cerevisige IFO 0251 3} 72 wixle] 2o 7 7+
TaezdE Bei AR F603 C-78 Ah&etgd
o0 7| Euizl= 72749 E bench press 2 sh2tst
of 7 ofeld-g ALg3sloiet,

Wi gy

500 m!/ shaking flask ol 7ZFg 33 zH&e 100 m/
£ #3300 120C, 1.2kg/cm? 16 %7 2F sl o
of & Fulokel 1mlE HE3 o] 30CelAl 342k
wlokslgion] mk cHakAs g 7leAdge) o
3l o & 20/ jar fermentor (K.R.M 20-6155, Kanto,

Japan) Aol 41 agitation speed 600pm oA 157/
min &} aeration &2 wjoksl e},

£4 2y
gty 2ol ul Fal UuiAE B4 Aol
F39d e  hesperdin, naringin-2 David ¥ (10),

pectin & calcium pectate # (11)ol ols] 4315
t}, olulxAl ZA-L amino acid analyzer (Waters
Model 510, Millipore, USA) 2 #A43lglen] ofu]x
AL A48 Y37 2189 ZA|+= sample tube ol A&
15mg& el #AFAZAZ ¥ vacuum reaction
vialel 6N HCl 1m//phenol 200m!E *7}s}ed
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Table 1. Operating conditions for amino acid analysis.

Column Pico-Tag (Waters)
Detector UV 254 nm

Flow rate 1.0-1.5 ml/min. (gradient)
Chart speed 0.5 cm/min,

Injection volume 51

STD amino acid HA type

Table 2. Chemical composition of mandarin orange
peel press liquor.

Components Contents (% (w/w) )
Total sugar 7.60
Reducing sugar 6.30
Pectin 1.50
Hesperidin 0.50
Naringin 0.32
Crude fiber 2.40
Crude protein 4.04
Crude ash 2.83
Crude fat 0.20
Citric acid 0.56
Potassium 0.582
Calcium 0.11
Magnesium 0.02
Iron (ppm) 0.012
Copper Trace
Zinc _ Trace
Manganese Trace
pH 5.20

nitrogen cycling ¥ 105ColAl 24 A17F A A 2471
o} ethanol : triethylamine . water . phenylisothion-
cyanate(7:1:1:1) &8-S 20m/ A7}, F=A
T FA4A0A A%, 4 270E Table 13 7
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Table 3. Preliminary cultivation of yeasts on orange
peel juice medium.

Growth (g/l)
lday 2day 3day

Strains

Candida utilis IFO 0598 134 217  26.8
F-60 (isolated strain) 13.6 24.8 31.2

C-7 (isolated strain) 12.3 21.4 27.6
Kluyveromyces lactis 8.7 14.3 16.3
IFO 6048
Saccharomyces cerevisiae 9.3 11.6 19.8
IFO 0251

*Cultivation was carried out at 30°C, initial pH 5.2
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Fig. 1. Effect of temperature on growth of selected

strains.
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Fig. 2. Effect of pH on growth of selected strains.
0-0: Isolated strain F-60

axA: Isolated strain C-7

a-0: Candida utilis IFO 0598
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Table 4. Effects of various nitrogen compounds on growth and crude protein content of selected strains.
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N sources (0.1%)

C. utilis

F-60

C-7

Growth Yield* C. protein Growth Yield* C. protein Growth Yield* C. protein

(g/h) (%) (%) (g/D (%) (%) (gD (%) (%)
Control 26.8 35.2 40.2 31.2 41.0 42.0 27.6 36.3 38.1
NH,NO; 25.8 33.9 44.0 26.4 34.7 48.7 27.4 36.0 44.0
(NH,),SO, 27.0 35.5 48.7 27.6 36.3 48.8 29.3 38.5 444
NaNO, 23.6 31.0 443 27.0 35.5 48.0 27.0 35.5 41.2
(NH,),CO 26.3 34.6 48.6 31.0 40.7 54.4 27.3 35.9 44.0
NH,H,PO, 25.0 32.8 50.6 22.7 29.8 54.6 26.8 35.2 39.9
(NH,),CO3 26.1 34.3 44.1 27.0 55.5 51.5 26.8 35.2 41.0
NH,C] 24.8 32.6 4.4 27.6 36.3 52.3 27.8 36.5 44.1
Yeast extracts 27.8 36.5 46.4 32.8 43.1 54.0 29.9 39.3 44.0
Peptone 28.1 36.9 46.6 343 45.1 55.1 23.9 38.0 438
Malt extracts 28.0 36.8 45.1 33.9 44.6 54.0 29.0 38.1 44.0

*Yield: growth/initial total sugarx 100

Table 5. Effects of potassium and phosphorus on growth and crude protein content of selected strains.

K, P sources (0.05%)

C. utilis

F-60

C-7

Growth Yield C. protein Growth Yield C. protein Growth Yield C. protein
(gD (%) (%) &l (%) (%) (&) (%) (%)
Control 26.8 35.2 40.2 31.2 41.0 42.0 217.6 36.3 38.1
KH,PO, 26.3 34.6 48.4 32.0 42.1 54.3 27.4 36.0 44.6
K,HPO, 25.4 33.4 444 30.1 39.6 47.6 28.0 36.8 42.7
KCl 30.0 40.2 33.3 338 444 40.6 26.6 35.0 40.9
KNO; 21.0 27.6 42.3 29.6 38.9 444 25.5 33.6 41.3
K,S0, 281 369 443 300 394 419 274 360 406
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growth and crude protein content of selected strains.
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Table 6. Comparison of growth and crude protein con-
tent of selected strains on the optimal conditions.

) Growth Yield Crude
Strains .
@/l (%) protein (%)
Candida utilis IFO 0598 34.6 455 56.8
F-60 (isolated strain) 41.2  53.9 59.7
C-T (isolated strain) 36.3  47.7 51.2
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Fig. 6. Cell growth of isolated strain F-60 during
fermentation on the 20! jar fermentor.
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Table 7. Composition of selected strains growth on
the orange peel juice medium.

Components C. utilis F-60 C-7
Crude protein 56.8 59.7 51.2
Crude fat 4.9 5.6 10.3
Ash 9.4 8.9 10.6
Carbohydrate 21.3 18.7 18.4
Moisture 6.4 6.6 7.3

Table 8. Amino acid composition for selected strains.

Amino acid contents (g)/100g Yeast

Amino acid
C. utilis F-60 C-7 Soy bean meal* FAO*

Lysine 3.7 41 3.2 4.3 4.2
Histidine 1.3 1.6 20 1.8 -
Arginine 3.2 30 39 7.3 -
Threonine 2.4 24 18 2.5 2.8
Valine 2.9 33 26 3.5 4.2
Methionine 0.5 06 0.5 0.8 2.2
Isoleucine 2.9 3.7 23 3.3 4.2
Leucine 4.0 36 3.2 5.2 4.8
Phenylalanine 2.3 24 1.7 3.0 2.8
Tryptophan 0.6 03 09 0.7 14
Cystine 0.2 0.5 04 1.1 2.0
Glycine 2.6 23 23 2.8 -
Tyrosine 2.1 23 24 2.4 -

*Data from SYRYO-GAKU (HIROSHI MORLMOTO),
Japan
*FAO reference protein

g F-60°] 59.2%, C-7°] 521% &4 Ridgway
(17)9  Torula yeast & 57.5% 9+ Schnell (15)
529% ol vlsf oAz 489, £33 C7& =3
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3 52 Aladc
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