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Effect of Content of Crop Component on the Bioethanol Production
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ABSTRACT The contents of starch, moisture, crude pro-
tein, crude fat, crude fiber, and ash of different varieties
of various crops such as brown rice, barley, corn, sweet
potato were analyzed. The average starch contents of brown
rice, barley, corn, and sweet potato were 70.1+0.4 ~ 72.2+
2.1, 68.74£0.2 ~ 71.4+1.2, 67.6+0.8 ~ 69.4+1.8, and 21.7+
0.9 ~ 28.3+0.5%, respectively. The ground powder of each
starchy substrate was suspended in distilled water, and then
liquefied, saccharified, and fermented by dried active yeast
at 32°C for 4 days. By statistical analysis, the effectiveness
of the contents of the different components such as starch,
moisture, crude protein, crude fat, crude fiber, and ash of
the crops on the ethanol production were examined. The
results showed that the starch content positively affected
the ethanol production in all the tested cereals and sweet
potato. In brown rice, ash content affected negatively the
ethanol production. In barley, protein content affected nega-
tively the ethanol production, while fiber content affected
positively the ethanol production. The sweet potato con-
taining higher content of moisture produced less amount of
ethanol.

Keywords : cereals, sweet potato, components, bioethanol,
statistical analysis
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7¥skal QIeH (A F 5, 2007).
HIEA Q] Hio] 2o | X &= Hfo] ol eh&-
Qlti(World Watch Institute, 2006). H}-0] Q.o et
A AAAN = ARpa, 497, 7HE 5o GEA
A dr2iRE gtk 3, ey, 54 59
A7 dREFY oty BAE AlEstal ¢lou, ofF
&S A AL Q). =] B9, Hpol ofghE A4k
90% olE Sprol oEsto]l AARSHAL QLo w(Energy
Policy Act, 2005), EUQ] A= T~ AHQl Ao} 5
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S, A AL B AY) AR o
22 ool41 glou ot gl ol /g rt
S48 Wlol2 Bk HESI9E, 2007)

ABTIAE B EBFALOI} WAF 7} Se) B

— =
L EERE R o A7} 13

I=]
w
ps

oo O O

~

S ulx=

}_2«] = R

A Soll ek A7 A
5, 2007). gtH, A7}
2 9] Hfo] e mjA
|5 AAret7] et da
o] gt et ofF

b A&l e

&£
b

742 2} o] on)
kol Qare Ao
]



340 OHEIX|(KOREAN J. CROP SCI.), 53(3), 2008

2eh A-d3k= vhol e ot A4S %k oy A 2
=59 5% WIS A Fed #6868 Aot

JERTET
x=
v, S, Aol FAF A 35Fa, AR
g, sk e], Jeane 5 AR 355 24, 1
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1 mm o|3}2 E43t & 2 g& 500 ml A
o Wm =2 120 ml9} 5%(viv) HCL 100 mlZ 7}ato]
100C oA 2A17F 3063 7FEAI T ¥ & 28%(w/iv)
NaOH= F3HA|Zth(Hsu, 1996). S3Hd A2E AT Hl&
2 343t & 3, 5-dinitrosalicylic acid(Sigma, USA)Z 2+

=
=

QHIME ShF 2LAM
O oo LT

SR S BAS 99 2 BT AR 2 g2 ATl
105Coll 4] 2417 50h Axste] FWE SHepe 245

FTHAOAC, 1990).

Zehilg g BAS 99 7 BaE 9w 2 g3 Bl
ZA(CuSO4 0.1 g} K,S04 0.9 g9 £33) 1 g& A
of WA ARG Betrzo] Ye T HS0, 20 miS
7t 5 shadstel Bokakelnt. 4 AR 2o 20 miS
Semimicro Kjeldahl ZFA2 2 Z7F35F%ch 0.1 N H,SO4
o ZH A4S 0.1 N NaOHZE A A35}o] 44| % ml
TE SAAA L] o] =N ZHSFHUTHAOAC, 1990).
A b BEAS Sl 24 2t HE 2 g5 oHER
sto] 2SSkl Q= 871E Axsto] FAE
FTHAOAC, 1990).
$ T BAS 53 9T AR 2 pS ATER
71 3 1.25% H,S04%} 1.25% NaOHS o]
A g ARE 2 3Rt & 2R FAE
of 24+ S SASIAHAOAC, 1990).

S5 e 2AL sska7lo] BAE 2 U2 g5 Yol
700CoflA 24 3lsket & AF3E 3820 FAE
ATHAOAC, 1990).
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ZF EHE YR 29.1 g S/ 100 mlE EFsto] 10%
(v/v) Termanyl 120 L(Novozyme, Denmark) 43} 45 200
ul 7kato] 90C oA 1AIZF A5kA 7|31, ThA] 95T eflA] 1
A7 o dslst & 60 C oA Aspergillus sp. 29 Egt
518 44(4,500 SP) 0.194 g& H7}slo] 147 Salaty A
2] &, 32C oA S HZAR 1.7 g(Saf-instant, S. I. Lesaffre,
Marcq France)E gol 447k v} & ofebE BAS S+
Hol| o]3te] 2431 THAOAC, 1990). W& 3 AJAksl ofet
=G (%, viviezmRE 718 189 ofeke BAHEE, 99.5%
o)Er2)0) olEhe AVA&(Ton) S A4sHeich
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of mAl= Y&l thete] doproit). AR A& e 3). gk wa A3, A ol w2 e ET} o
MEEZ]7E 69.540.7%, TRbHEE 7} 68.740.2%, A54 & AR @2 o2 Uyt ol Fsto] dnjet np
HE7h TIAL12%2 ARAEO] Aol pehfoltTable AR Wne] A9w oghe wio] AL o] GaF
Table 1. Effect of different components of brown rice on the ethanol production.
Brown rice Component (%) Ethanol
Starch Moisture Crude protein  Crude fat Crude fiber Ash (%, vIv)
73.3 14.1 6.7 1.4 1.3 1.9 10.5
Hwasung 67.4 12.6 6.7 2.2 1.3 1.6 10.1
76.0 12.8 6.5 1.8 1.4 1.1 11.1
Average 72.242.1" 13.2+0.4 6.60.0 1.8+0.2 1.3+0.0 1.6+0.2 10.6+0.2
72.0 14.8 8.4 22 1.7 1.5 10.4
Hwasunchal 70.4 13.1 8.1 23 1.6 1.5 10.3
71.6 13.7 8.1 2.0 1.5 1.4 10.3
Average 71.3£0.4 13.9+0.4 8.2+0.1 2.240.1 1.6+0.0 1.5£0.0 10.3£0.0
69.7 15.2 7.7 2.5 1.2 1.6 10.1
Dasan 71.0 14.4 7.7 2.0 1.2 1.3 10.9
69.7 14.3 7.5 22 1.2 1.3 10.9
Average 70.1+£0.4 14.6+0.3 7.6+0.0 2.240.1 1.24+0.0 1.440.1 10.7+0.2
"Mean+SE.
Table 2. The simple regression analysisT for ethanol production from brown rice.
Components of brown rice Standardized estimate P-value
Starch 0.59995 0.0877
Moisture -0.08895 0.8200
Crude protein -0.27456 0.4746
Crude fat -0.44453 0.2306
Crude fiber -0.30248 0.4289
Ash -0.66344 0.0514
"Level of significance a=0.10.
Table 3. Effect of different components of barley on the ethanol production.
Barley Component (%) Ethanol
Starch Moisture Crude protein Crude fat Crude fiber Ash (%, v/Iv)
69.3 14.9 11.9 1.6 2.5 2.3 8.4
Saesal 68.2 12.2 12.3 24 23 1.9 8.0
71.0 10.9 11.7 3.8 24 1.8 8.6
Average 69.5+0.7" 12.7+0.9 12.04+0.1 2.6£0.5 2.440.1 2.0+0.1 8.3£0.1
68.4 13.6 144 2.0 2.1 1.2 7.4
Hobanchal 68.6 12.5 14.9 2.6 2.1 2.7 7.6
69.2 11.1 14.4 4.2 2.1 2.1 7.9
Average 68.7+0.2 12.4+0.6 14.54+0.1 2.94+0.5 2.1£0.0 2.0£0.3 7.740.1
73.6 13.0 11.6 3.7 25 1.9 8.7
Cheongho 68.5 11.0 10.9 3.1 23 1.9 8.0
72.2 12.0 10.9 3.0 24 1.9 8.5
Average 71.4+1.2 12.0+0.5 11.1+0.2 3.3£0.2 2.44+0.0 1.94£0.0 8.4+0.1

"Mean=+SE.
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FL AOR BUEKTable 4. W A] 49l 90 F 2440 AkE Bto| OIS WM OlXlE FE
o REHAFATL Acke AL T 4 v ol 2 Sao] A%, A B B4 ﬁwr #9E8 0] 67.6:0.8%,
WY o] B24s HUHOR oS ANFS Tk ATHS0] 69.451.7%, FHS0| 69.4+1.8%, FTFo] 68.2+
e Bk L ATkl . £ AU A 1942 2 EF Aol 2 '}om az: o= et
A o= 2HG7L e QAT fO5H GFS T (Table 5). o] 2HE EYE 9e HARNEW F95
Ao eseTable 4). EESEAARS DA S5 10% S, el A% Aol g A 3
W, 20 AR, 2ONAe) EZSIAAS GAUR oS 9FS FE AOR vebuthTable 6). £E5H5H
o] Z}zt 0.861642} 0.79850, 0788112 k2 ol vlsh Aol =7)o] ofshyl, AR FEEHIAAAS FEHY)
F& o 5 g, o7l A 2R AR, ETrB L] v °l 052852 ThE wiZo] ul3) F& oF 4 9w, o=
sfo] ofehe A4k FRle] 23 ) 2 GRS T W4y ARo] oe o Akl 4 Fad 4TL S WS
2 o 4 qlgirk %1% o & %tk Wu BQ006)% SHRRRE oEe
RAATE Fotel AE F 53] amylose7} ek A4k

Table 4. The simple regression analysisT for ethanol production from barley.

Components of barley Standardized estimate P-value
Starch 0.79850 0.0099
Moisture -0.09142 0.8150
Crude protein -0.78811 0.0116
Crude fat 0.38501 0.3062
Crude fiber 0.86164 0.0028

Ash 0.04080 0.9170

"Level of significance a=0.10.

Table 5. Effect of different components of corn on the ethanol production.

Comn Component (%) Ethanol

Starch Moisture ~ Crude protein  Crude fat Crude fiber Ash (%, v/v)
66.4 11.2 12.6 3.0 2.8 1.4 8.6
Cheonganok 67.3 12.5 12.3 34 3.1 24 8.5
69.2 10.9 12.3 4.5 3.2 2.5 9.1

Average 67.6+0.8" 11.5+0.5 12.4+0.1 3.6+£0.5 3.0+0.1 2.1+£0.3 8.7+£0.2
66.0 10.6 12.6 1.5 2.4 1.2 8.7
Gangdaok 71.7 11.3 12.3 2.8 2.9 1.3 8.9
70.5 11.4 12.1 4.7 2.7 1.3 8.7

Average 69.4+1.7 11.1+0.2 12.3+0.1 3.0+0.9 2.6+0.1 1.3+£0.0 8.7£0.1
65.9 11.4 11.9 2.5 2.6 1.7 8.4
Gwangpyung ok 71.5 11.7 11.6 34 2.8 1.3 8.7
70.9 11.1 10.9 3.7 2.7 1.3 8.5

Average 69.4+1.8 11.4+0.2 11.4+0.3 3.2+40.4 2.7+0.1 1.4+0.1 8.5+0.1
65.3 11.2 114 2.0 2.5 1.9 8.4
Jangdaok 69.1 12.1 11.8 0.9 33 1.4 8.6
70.2 11.2 11.9 1.6 2.8 1.4 9.0

Average 68.2+1.5 11.5+0.3 11.7+0.2 1.5+0.3 2.9+0.2 1.6+0.1 8.6+0.2

"Mean+SE.
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L u|7} 21.7+0.9%, 217]7F 25.1£0.6%°] 21 aL, ARHE

Table 6. The simple regression analysisT for
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2F 2 S 3RS Zu)7} 63.940.3%, Blo] Q1]7} 72.5+0.5%,
Au)7k 71.120.8%F YRl Qlck(Table 7). o] A7tg Edf
2 SAS LRIOR T FRAE 3 A fRE
10% Stoll A, atuke] - HEH o] ogh-g A
o £o5HA S L Ao Uehyiti(Table 8). E323}

[e]
A= A ¢+

ethanol production from corn.

AR A7)0l oetd, AEy} R 233 AAS:
FHCEATZh o] ZH2E 0.645471)F 0.62408 2 T}2 ¥ 4o ]3]
Al o] 2H] HEo] ofehE A F

Components of corn Standardized estimate P-value
Starch 0.52852 0.0773
Moisture -0.33700 0.2841
Crude protein 0.37182 0.2340
Crude fat 0.17937 0.5770
Crude fiber 0.33583 0.2859
Ash 0.05935 0.8546
"Level of significance a=0.10.
Table 7. Effect of different components of sweet potato on the ethanol production.
Sweet potato Component (%) Ethanol
Starch Moisture Crude protein Crude fat Crude fiber Ash (%, v/v)
27.2 64.2 1.8 0.5 0.9 4.6
Jeungmi 28.5 64.4 1.9 0.5 0.9 44
29.2 63.1 1.8 0.3 1.0 3.7
Average 28.3+0.5" 63.9+0.3 1.8+0.0 0.4+0.0 0.8+0.1 1.0£0.0 4.3+0.2
21.2 72.9 1.2 0.2 0.7 34
Biomi 20.1 73.4 14 0.3 0.9 3.1
24.0 71.3 1.4 0.2 0.8 2.8
Average 21.7+0.9 72.5+0.5 1.3£0.0 0.3+0.0 0.8+0.0 0.8+0.0 3.120.1
26.4 71.7 1.1 0.3 0.8 3.6
Gunmi 24.8 72.4 1.1 0.0 0.8 4.1
24.0 69.3 1.1 0.0 0.9 33
Average 25.1+0.6 71.1+0.8 1.1£0.0 0.1+0.1 0.9+0.0 0.8+0.0 3.7+0.2
"Mean+SE.
Table 8. The simple regression analysisT for ethanol production from sweet potato.
Components of sweet potato Standardized estimate P-value
Starch 0.64547 0.0604
Moisture -0.62408 0.0724
Crude protein 0.47336 0.1981
Crude fat 0.45284 0.2209
Crude fiber -0.03159 0.9358
Ash 0.39370 0.2945

"Level of significance a=0.10.
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Aol Za3 GBS SHe WAL X 4 ek B SR RO A JAE B Wa Abes thael, Az
o A9, g GOE ERFAALT Ak AS & = GAS 9 Akt AW, A4, wEku 2 AR,
et ol 43 fFol We4E, AYHOE e A Rl 2Se] WastchRussell, 2003). @714 EA3A
AFE ZPaEE RS Uee golth mynte] 49 mmo] AL ose A Addel ek A &
SBgo] ol ek QA TR AY] BEo] ofele i FA7|e] Emuch e of 33u) A st
of el =] o2 sjA3t7] s AR M7k wToke] AL (Kirsop, 1982). uebd oSS & AW o=
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o, 2, ol 2e FE|E 2 ARAE A

OllEtE MMl FEk2 Djxl= ZE ME B o] 4 5= 9li(Ingledew, 1999), T Zolut tripep-

BAAE At ofehe gao] 9olF AFS WAL 2+ tidesHtt 2 HAL Ao o] g3 4 glck(Patterson and
2] JHS FFA 02 Table 90 YeRHSITE o17]o4  Ingledew, 1999). B ALoflA ®e|o] 79 Fohszo] @
B mE AzolA HE FHeo] oghe Akl folet 242 oshe gkl He ol gl A5 o 427} itk
AL - Aoz et AE Frko] ofeke Ao  ojubd FrhuAeo] Wk a4 o] g7 Aavt du}
nAs G o), AR, S55 nuke] BT Fe g gl o 4 §l7] WiRtolr)h vhx] Erhwydeko] @as
AR o] 2SR ofuhe Aalro] HolArh g @ 2 AFoz FReko] ZojSo] oehgko] S Aoz
n)9] A%, 55 Fhgo] o442 ofehg ko] st REe R Hrmo|rh
L Aoz BAEgITL Hre]o] 49 oA jHfo] whe wrlole mwme| AAut Wi QrEw, E3] Zn”,
F2 ofekg Aito] gol Hl Zow Yehton, Solst  Mn¥, Mg”, Ca¥, Cu”, K', Fe’" 50| % a3lth(Russell,
Aw 24090 Ao 2ok ekt vhj2 244 T 2003). 22U} 0|5 R7]0]29] FHEr} U ol A
o] £L4E ofehe Aakro] Weokth Ttule] AL 48 L gwol AAIyEL WAS oA sith(Russell, 2003). 1
Fefo] th2 Umof vjslo] AHoR wgkom, 28 FE 2 du)o A9 F|Ego] B4R ojuhe MAkko] £
o] EL42 oEh QAT FolEl Aoz BAFh. Sb Ao et o|§t dMZAL Wk ot

SO AR Eo 5Eg] FEEREL 52 oue Aubdog 5 Agle] AMgE FEE|A mE dHefo] &
AALES AL 5 gtk meb oehe g AES & 2 A9 22 oEhe PakS Uit E5F SR0] 63.9~
F1YAE, Aol BEY JYAHE 9I8) AHEE 71.1%(Table )24 11.1~14.6%(Table 1, 3, 5)¢1 Th =
L RRES SN A5Hor duld oo ZrhE FES  BHch 958 e nnte] A9 sEGo] 24 oshe
Aeisl7| s, ARFS Solt YFor 852 sfojof QAT FaARE, o) W SEFS 741 muls
& Aolth A EW £S $EI(14%)T Fe AEF  AZ He AR AL Ao 7l Aoz Alrd
(67%) 22 5E] 365 ltono] ofgheo] AAME AT, 2ol o} AR} SRS Aofet 1 oo xdwA, 244, 3
12% 583} 71% HEOZHE 400 Vton®] PAto] £4:4  Hekay o ek Aabeko] whAof didt Yol e o o
2EE 7535 5 ith(Ingledew, 2005). 7} 4 a5}

Table 9. The crop components significantly affecting ethanol production.

Crop Starch Moisture Crude protein Crude fat Crude fiber Ash
Brown rice A(+) A(—)
Barley O(+) O(—) o)
Corn A(+)
Sweet potato A(+) A(—)

A means 10% level of significance, P <0.1.
O means 5% level of significance, P <0.05.
(+) means that content of each component positively affected ethanol production.
(—) means that content of each component negatively affected ethanol production.
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Table 10. Ethanol production yield of various crops.

TZ0| HOIROEE BLo OIXI= BT 345

Ethanol production yield (1/Ton)

Crop Variety Wet weight base Dry weight base
Hwasung 439.3 506.1
Brown rice Hwasunchal 426.9 495.8
Dasan 443.5 519.3
Saesal 344.0 394.0
Barley Hobanchal 319.1 364.3
Chungho 348.1 395.6
Cheonganok 360.6 407.4
Gangdaok 360.6 405.6
Corn
Gwangpyungok 352.3 397.6
Jangdaok 356.4 402.7
Jeungmi 178.2 493.7
Sweet potato Biomi 128.5 467.2
Gunmi 153.3 530.6
CHH| oSS AASE 2. R e|o] A% Tl o] R4 oghe Aol
dmoiy] ok AYAteEE Table 109] Yebigich. 2 @ol B Jo2 yeppton], Solsil= 2479 49=
Z2 A TF= 7IE(wet weight base)2. 2 & tl= 7P w2 O T WOl 24 Aol e s olEE At

AL AnlolA Ueld, olFoAE cht @njzt
4393 l/tono 2 7} =9k, 1 thS 244 I8 RE
o] ojglom, $EFFO| T Mute] HS Aol
)H o2 wol oerg gAlo] W BAE ek et
A% F F% 7)%(dry weight base) Aol Zv] 7w}
530.6 l/tonC. 2 7} =911, 11 th&o] thAl dn| 59 &
ul, o] @ vlo]@ule] Tpul, S45 BEle] olgict
25 7F ARFO] FANG S59x(Table 5)2) 3¢ Oﬂ%:%
AF B3k Lhebstek, wheba] o ehe AR Lo
ol A, 4RUF ol Y 2 JFL lil% Z
2 gerEch 3 B AT ojshe A 44 v
H Hu|7F Hok 2560.0 Vha, ZE 2|7} Hoh 1523.6 lha,
2

b=

o
=0
S

d

o e =
rﬂ fr

7} B 2992.3 Vha, A70}7} HF 4169.1 Vhaz L}
o, o] ZFol|A ZAu] 1tuprl 5115.7 Vha® 71 =
2 Y HAY ofehE AAFS H )

o ofo H [0 30 o n{n

o 4

4393 liter/ton©. 2 7} =9k, 1 tf2 24 23 2
P1e] olglon, SRUol £ np B9 Ly
Al A= Ak

o1 8 vjo| 26l Tnel, 54, Helel ol

7. SSIRAT ofehe QA AAL v Avt g
o+ 2560.0 l/ha, 2H 27} B4t 1523.6 I/ha, 5571 H+t
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Fol A An) DFE} 51157 Vhai 44 8 SolEAY
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