193/ Journal of Soil Research Vol. 40, No. 2, 2026

Publisher: Soil Science Society of Iran S Sl
. £ SR
Journal of Soil Research
il and Water Sci. B
(Soil and Water Sci.) @“é:’::\if
https:// srjournal.areeo.ir/ " Roscarch

Amino Acid Extraction from Chicken, Fish, and Corn Wastes by
Lactobacillus Bacteria and Evaluation of Its Effect on Growth and Yield of

Greenhouse Cucumber

Hosein Akbarinejad Alamdari?, Masoud Nazeri?, Mostafa Marzi®*®, and Karim

Shahbazi®

2 Department of Horticultural Sciences, University College of Agriculture and Natural Resources, Tehran University, Karaj,

Iran.

b Soil and Water Research Institute, Agricultural Research, Education and Extension Organization, Karaj, Iran.

Article Info

Extended Abstract

Avrticle Type
Research Article

Received

January 25, 2026
Revised

June 27, 2026
Accepted

July 29, 2026
Published online
September 06, 2026

Keywords

Animal wastes,
Biomass,

Elements,
Hydrolytic products,
Plant wastes.

*Corresponding author's email
m.marzi@areeo.ac.ir

Background and Objectives: This study aimed to evaluate the effects of amino acid-

rich hydrolysates produced from fish waste, corn residues, and chicken
feathers on growth, mineral nutrition, biomass partitioning, and yield of
cucumber (Cucumis sativus L.) under greenhouse conditions. A further
objective was to characterize the chemical composition of these organic
hydrolysates (total amino acids, organic carbon, and macro- and
microelements) and to determine how different sources and concentrations
influence source—sink relationships and allocation of assimilates to vegetative
versus reproductive organs. The work was also designed to assess the potential
of recycling plant and animal residues as sustainable organic fertilizers
enriched with amino acids.

Materials and Methods: Organic amino acid fertilizers were produced by

fermenting finely chopped fish, corn, and chicken feather residues with sugar
beet molasses using Lactobacillus (Electrobacillus/Lactobacillus) at room
temperature for 30 days, followed by filtration and chemical analysis. Total
free amino acids in the liquid fertilizers were quantified by HPLC (C18
reverse-phase column, UV detection at 254 nm), and organic carbon and
nutrient elements (N, P, K, Ca, Mg, S, and selected micronutrients) were
determined using wet digestion and analysis by ICP-AES. A pot experiment
was conducted as a factorial arrangement in a completely randomized design
with three amino acid sources (fish, corn, chicken feather) at two application
concentrations (2% and 4%), plus an unfertilized control, using cucumber cv.
Vihan grown in cocopeat—perlite substrate under controlled greenhouse
conditions. Plants were fertigated with a basal nutrient solution and received
the organic amino acid fertilizers twice weekly; root, stem, leaf and fruit fresh
weight, dry matter, nutrient contents, total plant biomass, and biomass
allocation to organs, as well as fruit yield and average fruit weight, were
measured and analyzed by ANOVA and Duncan’s test.

Results: Chicken feather hydrolysate contained the highest total amino acid

percentage (32.46%), while the fish-based amino acid showed the highest
total N, P, Ca, and S contents and a distinctive amino acid profile rich in
glutamic and aspartic acids. All three amino acids significantly increased root
fresh weight and root dry matter compared with the control, with fish
hydrolysate producing the greatest root mass (145 g fresh weight and 13.76%
dry matter). Although root N, K, and Mg concentrations were sometimes
higher in the control, amino acids markedly improved shoot and leaf growth,
as reflected in higher leaf fresh weight, particularly under the fish fertilizer.
In the stem, fish hydrolysate significantly enhanced P and K concentrations
relative to the control, while chicken feather at 2% gave the highest Ca and


https://orcid.org/0000-0002-0262-0313

194/ Amino Acid Extraction from Chicken, Fish and Corn Wastes by Lactobacillus Bacteria and ...

Mg contents, indicating source-specific effects on mineral partitioning. For
reproductive traits, fish and chicken feather fertilizers produced the highest
individual fruit fresh weight (about 75.7 g, 20% higher than control), whereas
fish at 2% concentration maximized total fruit yield, increasing it by roughly
40% compared with the unfertilized control. Biomass allocation analysis
showed that fish hydrolysate at 2% led to the highest proportion of total
biomass directed to fruits (74%), while corn fertilizer favored allocation to
leaves.

Conclusion: Amino acid—enriched hydrolysates derived from recycled plant and
animal residues can effectively improve cucumber growth, nutrient uptake,
and vyield, with fish-based hydrolysate showing the strongest overall
biostimulant effect. The results indicate that amino acids in these fertilizers
enhance nutrient acquisition and translocation and modulate source—sink
relations so that a greater share of assimilated carbon and nitrogen is directed
to reproductive sinks, thereby increasing fruit weight and total yield. The
observed reduction of some root nutrient concentrations under amino acid
treatments, together with higher allocation of biomass and nutrients to fruits,
supports the role of amino acids in regulating phloem loading and
partitioning rather than simply enriching the root nutrient pool. Overall,
amino acid hydrolysates from fish, corn, and chicken feather residues
represent promising sustainable organic fertilizers that can recycle agro-
industrial wastes while enhancing cucumber productivity and resource-use
efficiency in protected cultivation systems.
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Table 1. Comparison of advantages and disadvantages of different methods for amino acid extraction.
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Table 3. Analysis of organic fertilizers.

Fawdgl i s

we (o) (laop) N P (%) K (%) Ca (%) Mg (%) S (%)
Variable  Total amino 0C (%)
acids (%) °
"fmlo 16.15 22.83 131 0.17 0.63 0.66 0.03 0.26
Fish
< 30.33 25.04 0.97 0.1 0.65 0.44 0.08 0.24
Corn
&
Chicken 32.46 24.83 0.96 0.01 0.83 06 0.03 0.24
feather

(Zawo53) (5355 adigai y3 dpwlgiwol y2 Olije —F Jou
Table 4- Details of each amino acid in fertilizer samples (%0).

i sl Oy 8’“ *
Variable Fish Corn (f::a:fﬁ:rn
(o 33) Al S5kl 1.7 0.83 0
Aspartic acid (%)
(o 3) el Salisls 2.54 0.6 168
Glutamic acid (%)
(Ao ) O 0.51 0.14 0.31
Serine (%)
(X-W)_D) Ol 0.89 0.09 0.63
Glycine (%)
(/.\.o)a)u»w 0 24.72 29.01
Histidine (%)
(ko 3) o) 252 1.35 0
Arginine (%)
(fro) gy 0.29 0.44 0.06
Threonine (%)
(2o 3) ¥l 04 021 0
Alanine (%)
(Fexep) odon 0 0 0.07
Proline (%)
(rrop) gy 1.12 0.38 0
Tryptophan (%)
(eaoy) g 0.9 0.33 0.24
Valine (%)
(xo ) oeigse 0.53 0.04 0
Methionine (%)
(/M)b} Oianges 0.81 0.32 0.35
Cysteine (%)
(32 )3) cpwola il 1.09 0.23 0
Isoleucine (%)
(esuo)3) cyewg) 0 0 0
Leucine (%)
(o) T S 2.64 0.35 0
Phenylalanine (%)
(rroy) 3 0.21 0.3 0.11
Lysine (%)
(a0 3) JS spmlgise] 16.15 30.33 32.46

Total amino acids (%)
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Table 5. Analysis of variance of the effect of organic fertilizer and concentration on root morphological and physiological

traits.
Slag o (ilo
Mean square
23l w0 yd NG EYSH) CAJOVES I 91
Mg Ca K P N S # 0l df SOV
dry matter fresh weight
percentage
0.0012 " 0.004 ™ 0.077" 0.004 ™ 0.18™ 6.75™ 3276.86 3 ) (_F) > &5
Fertilizer model (F)
0.0001 " 0.017" 0.006 ™ 0.002 ™ 0.19" 0.001 " 913.78 " 1 ()¢ '_ :
Concentration (C)
0.0007 " 0.01" 0.008 ™ 0.003 ™ 0.04™ 0.43" 191.11 "™ 3 FxC
0.0005 0.002 0.018 0.003 0.03 0.51 334.59 24 Error
12.01 4.98 35.69 12.32 10.38 5.42 14.92 - CVv

Ao B o) Jlein! o )3 (61 xe «(5yl3 bz pis i 4 % K NS
ns, ** and *: non-significant, significant at p<0.01 and p<0.05, respectively
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Table 6. Comparison of the average effect of organic fertilizer on morphological and physiological
traits of roots.

Suis o3ko o yd
Mg (%) K (%) N (%) (XM,:) (@) » _039 o
Dry matter Fresh weight (g) Treatment
percentage (%0)
0.2+0.01a 0.48+0.06 a 2.04+0.1a 11.82+0.14 b 96.75+3.52 ¢ el
Control
0.178+0.01 b 0.245+0.05 b 1.67+0.1b 13.76+£0.23 a 145+8.59 a F‘-‘h:
isl
0.188+0.008 ab 0.377+0.05 ab 1.86+0.07 ab 13.67+0.34 a 129.3+7.38 ab CG;)Dn
r
0.185+0.003 ab 0.4£0.02 a 1.81+0.02 b 13.52+0.24 a 11946.01 b . & n
Chicken feather

ol (63 pixe gles onimd (LS LS yuE gy
Dissimilar letters show significant differences.
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Figure 2- Interaction effect of organic fertilizer type and concentration on
root calcium content
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Table 7- Analysis of variance of the effect of organic fertilizer and concentration on morphological and physiological traits of the stem.

©layo (be
Mean square

o3l o yd NE TS [CHPOVES 37 VI8
Mg Ca K P N Sk I &5? aslw Job d.f S.0.V
dry matter ~ freshweight  Stem length
percentage
0.0020 0.02147" 3.22™ 0.0071" 0.019 ™ 1.99™ 178.78 ™ 338.20™ 3 . (_F) > &5
Fertilizer model (F)
(€) clike
0.00061"™  0.00005 " 0.24 " 0.00005 "™ 0.049 ™ 0.05" 75.03 "™ 2.00"™ 1 _
Concentration (C)
0.00241 " 0.01429 " 0.12" 0.00044 " 0.016 ™ 0.702 " 32.53 "™ 111.25™ 3 FxC
0.00083 0.00576 0.41 0.00162 0.07 0.29 153.92 168/81 24 Error
5.95 11.81 28.09 5.49 8.92 5.15 7.36 7.77 - CcVv

o0 9V Jlain] paw )3 () (dme () e pis i 4 # T NS
ns, ** and *: non-significant, significant at p<0.01 and p<0.05, respectively

0.8 - a a 35 1 a b
0.78 - 3 1 ab
0.76 - ab b 25 >
= 0.74 1 2
S 072 - b < ¢
“ 07 < 159
. X
0.68 11
0.66 - 0.5 A1
0.64 T T T 1 0 T T T 1
sals <ol <58 Ern sals b AR éro
Control Fish Corn Chicken Control Fish Corn Chicken
3¢5 £ feather 35S ¢ feather
Fertilizer type Fertilizer type

a3lw (b) pawlis g (a) yiud yl5a0 2 I35 £95 1Y JSUS
Figure 3- Effect of organic fertilizer type on the amount of P (a) and K (b) in the stem
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Figure 4- Interaction effect of organic fertilizer type and concentration on dry matter percentage (a), Mg (b) and Ca (c) of plant

stem.
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Table 9- Analysis of variance of the effect of organic fertilizer and concentration on morphological and physiological traits

of the leaf.
Olaryo SSke
Mean square
o3lo w0y RS Ol pnts gl
Mg Ca K P N b > 09 df SOV
dry matter ~ fresh weight
percentage
0.00003™  0.1236" 0.1946 " 0.0071 " 0.03138 "™ 0.8989 ™ 14192.03" 3 (F) > gy
Fertilizer model (F)
0.0098 ™ 031" 00741 "™ 00008 " 0.0036 ™ 1.8192 ™ 34.03™ 1 (C) edake
Concentration (C)
0.0048 ™ 0.0522 ™ 0.1661 " 0.0076 ™ 0.0031 "™ 0.5049 ™ 8577.86 ™ 3 FxC
0.0061 0.4881 0.2103 0.0058 0.0163 1.5216 5250.38 24 Error
10.74 2162 3481 18.03 3.6 6.47 13.08 - Cv

Aoy B o) Jleas! e )3 (6 I xe 5yl e pis i 4 % K NS
ns, ** and *: non-significant, significant at p<0.01 and p<0.05, respectively
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Figure 5- Effect of organic fertilizer type on leaf fresh weight
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Table 9- Analysis of variance of the effect of organic fertilizer and concentration on morphological and physiological traits of the fruit.

Slaye (lilbe
Mean square
o3lo w3 NEUEYSY) Ol yts gl
P 8940 (539
Mg Ca K P N Suid it J).SJA-C d.f S.0.vV
Dry matter weight Yield
percentage
0.00021" 0.00031™ 0.0021™ 0.0026" 0.0857" 3197 249.45" 326682™ 3 . (_F) > &9
Fertilizer model (F)
* ns ns ns ns ns ns * (C) "'Jal;
0.0015 0.00003 0.0242 0.0028 0.076 355 8.01 172284 1 .
Concentration (C)
0.00154" 0.0013" 0.0204™ 0.0015" 0.0166" 051" 17.66™ 123876" 3 FxC
0.00039 0.00034 0.0162 0.0017 0.1117 128 7531 46096 24 Error
8.96 991 1124 6.95 10.72 103 1352 1043 - cv

ns, ** and *: non-significant, significant at p<0.01 and p<0.05, respectively

Ao B g ) Jlin] maw g3 (gl dxe 5 dime pis S 4 # FF NS
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Table 10 - Comparison of the average interaction effect of organic fertilizer and concentration on
morphological and physiological characteristics of fruit.

Mg (%) Ca (%) (g)- 5 ySlos (%o 9) u.b.l.c Fertilizer 595 g4
Yield (g) Concentration (%) model
0.22+0.006 ab 0.185+0.002 ab 1843.3+50.46 ¢ - wald
Control
0.245+0.018 a 0.205+0.01 a 2571+187.74 a 2 i
0.19+0.008 ¢ 0.17+0.008 b 2065+88.96 bc 4 Fish
0.22+0.002 ab 0.1940.012 ab 1953.3+23.18 be 2 Y
0.23+0.008 ab 0.205+0.002 a 1992.3+102.34 bc 4 Corn
0.22+0.011 ab 0.1725+0.011 b 2157+61.16 b 2 éro
0.21+0.01 ab 0.195+0.014 ab 2037+170.82 bc 4 Chicken feather

Dissimilar letters show significant differences.
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Figure 6- Effect of organic fertilizer type on fresh weight (a) and dry matter percentage of fruit (b).
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Table 11- Analysis of variance of the effect of fertilizer type and concentration on total biomass and percentage
of biomass allocation to plant organs.

Sl (libe
Mean square

Qewass Mo yd

s Sy a0
4 s 8oy G eSS o yd QRS o )d 8397 o} .:i iy pslie
dgmo & ‘5)-3 adlw :M.A._g) EY JS s S.OV
Percentage Percentage Percentage of Percentage of Total d.f
allocated to : 9 allocation to the allocation to .
- allocation to leaf biomass
fruit stem the root
(F)>sS &5
19.0455 12.5486" 1.2537" 1.2495™ 480778 3 Fertilizer model
]
8.020™ 6.9192™ 0.2775™ 0.1035™ 200819 1 ()< .
Concentration (C)
25.1579" 16.9123" 0.2623" 0.2253" 84738™ 3 FxC
54195 5.1596 0.4478 0.2175 55191 24 Error
3.29 11.83 11.41 11.1 8.09 - Ccv

o0 g ) Jlaint e )3 (g gixe ¢yl Gxe pis i 4w K NS
ns, ** and *: non-significant, significant at p<0.01 and p<0.05, respectively

Blisee SISl Ay 0397 Camn j amad w ChALE g (JT 395 il W1 Sl duglie —VY Jgua
Table 12- Comparison of the average interaction effect of organic fertilizer and concentration on
biomass allocation to different organs.

Sy & (amads Mo yd

(a0 3) b9m &1 amass awo

: (7o) (o ,3) ciale 355 &9
Percentage ez!)l/g)cated to fruit Percentage allocation to Concentration (%) Fertilizer model
leaf (%)
69.94+1.09 be 20.06+1.33 a - _—
Control
74+2.24 a 16.55+2.08 b 2 b
68.75+0.68 bc 20.88+0.38 a 4 Fish
67.47+0.67 c 21.61+0.62 a 2 K
70.68+0.4 abc 19.09+0.41 ab 4 Corn
73.55+0.79 a 16.69+0.55 b 2 ér
71.58+1.28 ab 18.6+1.18 ab 4 Chicken feather

..\A.;Lvua d)b‘_é’m C;auﬁ RN OL.’;} UL&)‘L k_és)>
Dissimilar letters show significant differences.
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Table 13- Comparison of the average effect of organic fertilizer on plant biomass and allocation to
different organs.

& ganasS woyd & panass do )d JS 8385 Canu
(Vo y3) a8l (Vo y5) iy (g/plant) o
Percentage of Percentage of Total biomass Treatment
allocation to the allocation to the (g/plant)
stem (%) root (%) g'p
6.31+0.27 a 3.67£0.15b 2638+89.27 b el
Control
2l
5.42+0.27 b 4.48+0.18 a 3231+119.83 a Fish
is
6.04+0.25 ab 453+0.23 a 2856.6+68.04 b =2
Corn
5.66+0.19 ab 411+0.1 ab 2884.8+96.81 b &r 2

Chicken feather
’\‘:’L’u” d)b@*" C;,B} XV ul“*’ ULA&J)AL gy

Dissimilar letters show significant differences.
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* p<=0.05 ** p<=0.01
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«d8lw M}ﬁ&b ‘MgS a8lw M :CaS adlw Wl}) KS a8l ).ﬁ.wé PS (48lw ‘:”5):9'3 NS ‘S).f M}.’@c ‘MgL cs).g M :CaL ‘S).g
MR cdnly y S 1 CaR el y oannr by KR cdaly ) phund PR iy y (359, %0 NR el y SWis 83ko o 43 :RDMP el y 5 (359 :RFB
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Figure 7- Correlation coefficients between traits measured in cucumber using Pearson's method. TY: Yield, AWSF:
Fruit weight, FDWP: Fruit dry matter percentage, NF: Fruit N, PF: Fruit P, KF: Fruit K, CaF: Fruit Ca, MgF: Fruit
Mg, SL: Stem length, SDWP: Stem dry matter percentage, LDWP: Leaf dry matter percentage, SFB: Stem fresh
weight, LFB: Leaf fresh weight, NL: Leaf N, PL: Leaf P, KL.: Leaf K, CaL: Leaf Ca, MgL: Leaf Mg, NS: Stem N, PS:
Stem P, KS: Stem K, CaS: Stem Ca, MgS: Stem Mg, RFB: Root fresh weight, RDMP: Root dry matter percentage,
NR: Root N, PR: Root P, KR: Root K, CaR: Root Ca, MgR: Root Mg, TFB: Total biomass, Ri: Percentage of biomass

allocated to roots, S: Percentage of biomass allocated to stems, L: Percentage of biomass allocated to leaves, HI:
Percentage of biomass allocated to fruits.
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