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ABSTRACT

The purpose of the thesis is to investigate the effect of the fermented
mackerel byproduct liquid fertilizer which is made of mackerel byproduct that
1s decomposed into proteinase and inoculated microorganism to shorten its
period of fermentation.

Liquid Fertilizer by Fermenting Mackerel byproduct (LFFM) is a fertilizer
that grind the mackerel byproduct and water, decompose to proteinase
alcalase, removedoil and solid matters, and added Lactobacillus frmentum,
Saccharomyces cerevisiae and brown sugar, ferment for five days in the
temperature of 30C. In the thesis, the fertilizer is used in radish in both
injected fertilization and foliar fertilization respectively to investigate its effect
on harvest. The comparison group used a market product Seafood Amino
Acid Fertilizer (SAF) which is made of trash fish that is fermenter more
than three months.

The fermented mackerel byproduct liquid fertilizer contains 1.25% of T-N,
0.15% of P2:0s and K20O. The content of P:Os and KoO was eight times lower
than that of nitrogen. The content of CaO is 0.026% which is relatively lower
in content than other components.

There were 17 types of amino acids in mackerel byproduct and its total
content was 9967 g 100g . Amnio acids with over 05 g 100g ' was
Glutamic acid, Asparagine, Lysine, Arginine, Leucine, Glycine, Alanine,
Histidine, and Valine. The total content of amino acid after adding proteinase
and fermenting resulted in reducing 32% of its original amino acid of 6.809
g 100g71. On the other hand, the content of aspragine and cystine increased
after the fermentation. During the fermentation process, ammonia gas
drastically increased and slowly decreased after the 6th days of experiment. It

1s believed that some part of amino acid volatilized into ammonia gas.



The chemical characteristic of the soil with injected fertilization which was
investigated in the 20th and 40th days of experiment had no statistical
significance on pH, EC, the content of available phosphate, and the content of
exchangeable cation except the organic matter.

The chemical characteristic of the soil with foliar fertilization which was
investigated in the 25th days of experiment had no statistical significance on
the nitrogen content. After the harvest, the nitrogen content in leaf was high
in following order: LFFM 400 treatment plot 2.1996, LFFM 800 treatment
plot 1.15%, SAF 800 treatment plot 1.45%, contrast plot 1.26%. Although the
nitrogen content of LFFM is 16 mg L 'which is half the content of SAF,
when both are diluted 800 times their content and carried out foliage
fertilization, LFFM was higher than SAF in the nitrogen content in leaf.

The phosphorous content in leaf of LFFM 400 treatment plot which was
investigated in the 25th days of experiment was 0.49% that is 1.5 times
higher than its contrast plot counterpart of 0.31%6. After the harvest, LFFM
400 treatment plot was 2 times higher than its contrast plot counterpart and
1.5 times highter than LFFM 800 treatment plot and SAF 800 treatment plot.

The potassium content in leaf of LFFM 400 treatment plot after the
harvest was 2.65% which was 1.3 times higher than the contrast plot and 1.5
times higher than SAF 800 treatment plot. Therefore, when the fertilizer is
fermented with adding proteinase, it can be predicted to have higher

absorptivity than naturally fermented fertilizer.
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1) 2509 F4E dadn AxHAY
5ol HAE b g oln](Liquid fertilizer by fermenting mackerel byproduct)
5 o H &S 61 48 3sto] a1Fo] FAkE 3 kgs wileto &
2 kg¥t £33} 7)o @A B F A alcalase 30 g2 €o] 50TCAA 4
Ak ZalE A oil T& FAste] AAstL AYS o] &5

of aFol 7P & EAlHA ¥ L@F=S AAGAH. il LEES AAT

YM brothel %ste] 30CAA F442 F 4T wFelS 22} 1875 mLsh
THY 60 g& H/HF F 30CAA 59 B BEAA 1T PAE Wr
g Azsgnh o Az @A TR ANAPOE ABF TF] ¥

e g Azl mE Aoz Az A== Fig 19 £

3 Enzymolysis 3
Mackerel PhyS|Fal using alcalase Separation
byproduct crushing @ hour) & filtering

Liquid fertilizer

by fermenting Fermentation Add Microorganism
lJmackerel 30°C, 5 Days brown sugar inoculation
yproduct

Fig. 1. The manufacturing process schematic diagram of liquid fertilizer by
fermenting mackerel byproduct.



5ol HAE dbgoln)o] AL83F alcalase: Table 13} #Z¢] NovozymeAlol
Ao Algeta e AP v Faasw HH e 2% 50T, pH
8.3, endoproteinase typel & Bacillus 72 ©]-&3to] A Zz¥ ZHolt},

Alcalase H7HE2 &) Atttell A oHAIF o= 1 ~ 5%E H7bste] AxAS
i 1%oA %= a7 grEo] & Aol A&A A

Table 1. The characteristics of the alcalase proteinase.

o Chemical .
Divisions Company Properties
name

-Optimum range: 50C/pH 8.3
Proteolytic Alealase Novozyme -Type: quuld. ‘
enzyme -Enzyme type: Endoproteinase
-Source: Bacillus

2 FAFAALA R A AA FF B2 BacteriaZl 2 Lactobacillus fermentu-
m(KCCM No. 40400)2= BD Difcortell A Al@stal gli= MRS broths ©]-83f
o] wj kst Th YeastZl 52l Saccharomyces cerevisiae(KCCM No. 11520)2 BD
Difcortell A Al #3lal 1= YM brothE o] -§3he] nj ksl

wEo] AE YA, WEAS 7H mARe B4 BE 58S 2AME
o THFHAALAHABANEANA 75 BF LUt
Table 2. The microorganism and broth for the fermentation.
Microorganism Broth
Divisions
Scientiflc name  KCCM No. Chemical Company
Bacteria ~ Lctobacillus 40400 MRS Broth  BD Difco
fermentum
Yeast Saccharomyces 11520 YM Broth  BD Difco
cerevisiae
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1) EAAE 2 AT
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AA G AGE FAARE FHAA HSuto] oA Gakati @A DR

(2) A
A& AuiA AL AFgetn AYAAdetge A ASAE A MEeA
ol gzttt Awj A¥ HAL Fig. 29 #o] BEE #A B2 Foll AAF
a71E 24 m?, Sy 3wkEo R wixEgh 4o BFe 20139 8¢ 7Y ©f
FuUHl 120 cmoll 30 cm HH o2 FEHYHS S ol &

A
6 ~ 8 cm (tAS® FotE F 2013 9¥ 16Yl Fgstith

AlE A EYS AFEoR neiA EFAAZE ashy, thermic family of

Table 3. Chemical properties of the soil before experiments.

. -1
oH EC OM T-N Av. PO Ex. cation (cmol. kg )
(15) @S mYH (%) (%) (mgkg) K Ca Mg Na
6.18 0.42 1.75 0.11 104 1.14 471 2.37 0.54




g

Sow radish seed The processing

(Raphanus sativus L.) of the liquid manure

The photo of radish cultivation

Fig. 2. The radish (Raphanus sativus L.) cultivation experiment process.
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(LFFM) ¢} HluwAlFo® EFHdHAA Adst e Ao st ofn]
(Seafood amino acid fertilizer, ©]3} SAFZ #%7]) A#FS AFE3IATE A Aol
ab A= A FakE S AdAo® Y o) HEAA Axd ez w
NAFH LS AFEEA] Fator, Aa 2.3%, A4 0

Hu] A &2 Table 49 #Zo] HFAIHFoF FUAH]FZ FE3ATE &
T A"l 5% LFFM 50081, 25041, SAF 5000 & A & Bk &5
A= LEFM 800wl, 4009, SAF 800u] A ds #H7]5 o]&-3}o]
A AEsTh An] AHjE B g 3 ~ 40 o]Fo Atz 7d thow
24 L= 43 Agstaivh. =7+ AeTst e43 dHom =& 5 324X

sttt 2= Aol Hu] E= SStH| RS AHeHA] S

Table 4. Treatment of foliar and injected fertilization on radish cultivation.

Dilution rate

Treatments (liquid fertilizer:water)
Control water
Foliar SAF 800 1:800
fertilization LFEM 800 1:800
LFFM 400 1:400
Control water
Injected SAF 500 1:500
fertilization LFEM 500 1:500

LFFM 250 1:250
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Table 5. Total mineral concentration of mackerel byproduct.

Mg Na Fe Mn Cu /n

Ca

0 0 0 0 o (mg (mg (mg (mg
(%) (%) (%) (%) (%) ke 1) ke 1) kg D) ke )

(%)

075 013 08 004 010 330 1.0 3.0 16.0

24

of W} P= P05, K& KO, Cax= CaO, Mg+ MgO= 3%

H
H

Al

I %1 tH(Table 6).

7] 3]

7_}7_}
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(%)

Z7H1917] 4]

(%)

Ca0 MgO B:0Os3

0.026  0.024

K0
(%)

fermenting mackerel byproduct.
0.15

T-N P05
0.15

(%)

Table 6. Water soluble mineral concentration of liquid fertilizer by

* N, Fe, Mn, Cu, and Zn are total concentrations by digestion method.

(%)
1.25




asol FAbE s HE o] o] ofw| Ak 3FEES Table 73 2t 1T o] FAME

Hoopwmate 17 TRACH, & FFS 9967 g 100g ' o1 ATk obwl =
Ab g2 Glutamic acid > Arginine > Glycine > Lysine > Valine >
Asparagine > Leucine > Histidine > Alanine > Threonine > Serine > Proline
> Tyrosine > Isoleucine > Phenylalanine > Methionine > Cystine =°]12.H,
o] % Glutamic acide] 0935 g 100g "= 7H¢ =t}

7(2010)7 Shim et al(1994)2 1159 wWoli= Glycine, Glutamic acid,
Alanine, Asparagine, Arginine®] 3$t=Fo] =ow HA| oln|=Abo A X 5=
Hl&o] v Husido, 2 AF AIddA= 5o FAHEe] Glycine,
Glutamic acid, Alanine, Asparagine, Arginine 3t &o] t}& o}ln| =4l 3hafo] B
3l iAo w =oka, HA ofw| =t F 39.8%F AHA A

aso] FAabE wgeiule] FfE ofw:wibe] & I 6809 g 100g 'E L
ol mEo] ¥AERT 3158 g 100g | #askdlth m5o] BakE wE ol
H] o] o}pw|=AF SFake Glutamic acid > Asparagine > Lysine > Arginine >
Leucine > Glycine > Alanine > Histidine > Valine > Phenylalanine >
Isoleucine > Proline > Serine > Tyrosine > Cystine > Threonine >
Methionine ¢ 21tk ©] % Arginine®] 0615 g 100g '2 7}3 =9kown 1150
RS wbg n]o] Glycine, Glutamic acid, Alanine, Asparagine, Arginine< 7
Al ofr Ak T 50.0%E AAE T alFo] FabE wE v o] ofm ik I
< wE ZAFE] #HAFolA aFo] FAbEel HlE| oiiE Ao
Asparagine® Cystine %<& Z7}89]t}.

+(2007)%  Yang(1981)& HaEUF7F AHstal  2&7F EolAl= A4S
Asparagine $t#Fo] F7hghtkal B alEkgth o= alwo]l FAMEe]l 50TelA &
| 34 = Asparagineo] F7}3F oz AZHAT @ 5(1996)9 Haro] <o shH
Asparagine> T ofv|=4be] H7F e AEZA Yo §A olv|wAbs HAA
AomA WAAdSs SUAZIe &37E dow, o] Fite] #A3 ATFEo] AHE

(Barnum & Poljakoff-Mayber, 1977, Kwon et al, 1995, Lone et al, 1987,
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Mathur et al, 1980)3} Hle]2]o} (Csonka, 1981; Sugiura & Kisumi, 1985)°l A4
R ¥ Kang(1970b)> Asparagine®] ¥EUol =& fF3zF o]tz oA
A7l E37F e, (201D &AdstAQl Cystineo] E8&E49 A4S o
Asto] &g ol g¥rt sttty Bt wEkA 5o FAakE v g
Hul S A=Al Al Al Asparagineel 9l A=o WA SHEIAS

Cystineol &3] Hn|& A4 51 By A AH] o] TE-5 oed Zlos 7|tidn

Table 7. Amino acid concentration and ratio of the mackerel byproduct
and liquid fertilizer by fermenting mackerel byproduct.

Amounts(g 100g ™)

Name of amino acid Liquid fertilizer

Mackerel by fermenting B/.A

byproduct (A) mackerel byproduct (B) ratio

Glutamic acid 0.935 0.799 0.85
Asparagine 0.678 0.709 1.05
Lysine 0.735 0.656 0.89
Arginine 0.909 0.615 0.68
Leucine 0.678 0.51 0.75
Glycine 0.862 0.494 0.57
Alanine 0.578 0.444 0.77
Histidine 0.602 0.39 0.65
Valine 0.703 0.363 0.52
Phenylalanine 0.398 0.351 0.88
Isoleucine 0.405 0.33 0.81
Proline 0.474 0.284 0.6
Serine 0.502 0.279 0.56
Tyrosine 0.473 0.195 0.41
Cystine 0.104 0.144 1.38
Threonine 0.547 0.13 0.24
Methionine 0.384 0.116 0.3
Total 9.967 6.809 0.68
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AAF, &%, 9%F°l dx7 Bu SAFS LFFM A FolA F71ekel o,
BAF TS 2T 465 g Brh An] A o)A 478 ~ 488 g& ESkth &
& x99 g, LFFM A8+ 11.1 ~ 119 g, SAF A&+ 125 goldth. ¢
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Cho et al(1993)2 ofn|i=ito] A Eo] gk A3 A<l ofw]=ibe] 2§ 9]0
T B A

Eo] oJokglog z83lo] mAEo =218 Fukg)
Belge s =9dokay Haskgth

Table 8. Results to the growth of radish by Injected fertilization.

Fresh Root Leaf Leaf Leaf Leaf Leaf
Treatment weight weight weight number length width color
(g) (g) (g) (each)  (cm) (cm) (SPAD)

Control 46.5 9.90 36.6 158 21.2 7.38 28.2

SAF 500 48.3 125 35.8 16.1 21.7 7.61 284

ng(ljé\/l 47.8 11.1 36.8 16.4 21.6 793 284
LI;;VI 48.8 119 37.0 16.6 22.5 7.96 30.4
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Table 9. Results to the growth of radish by foliar fertilization.

Fresh Root Leaf Leaf Leaf Leaf Leaf
Treatment weight weight weight number length width color
(g) (g) (g) (each)  (cm) (cm) (SPAD)

Control 35.4 6.06 29.0 14.8 21.0  7.50% 249"

SAF 500 36.3 6.46 30.2 155 214 753" 24.9°

POl 360 663 204 49 215 T4 263
LEBFSVI 370 713 209 150 217 809" 283"

Qo] WA E BFALANL AUAY] R} Afo] o Egow, Ay

TFe BFAH AT 990 ~ 125 go 2 JUAIH] A 606 ~ 713 g K
A7zt Fot Aol dEhde visiE Sotor AEd A A57FE H

o= TAHA Fsktr 59 AFS sl FAbE EE R vl Ao

Hls2ak A st e, dx Bu A, 25, 950 S7kskAth

_87_



FobE whg AW (LFFM, Liquid fertilizer by fermenting mackerel
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