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Treatment

SSF

Alkaline

Acidic

Uttra-sounds
Organic solvents
Enzymatic hydrolysis
Enzymatic hydrolysis

Conditions

29 BSG, 7 days, 25°C, A. niger
2 BSG, NaOH 2M, 4 h, 65C

02 g BSG, methanol and Suiphur acid, 20 h, 85°C
20kHz, 1 h, 47°C

2 g BSG, methanol, ethanol, or acetone, 30 min
10-100 i carbohydrases g~ dry BSG, 4 h or 9 h, 50°C
50 U cellulase g dry BSGer, 72 h, 45°C

Phenolic yield

2mg GAE g™
16.2mg GAE g
30mg GAE g™’
33mgGAE g
1.2mg GAE g”'
056 mg GAE g~'
49.2mg GAE ¢!

References

Leite et al. (2019)
Aonso-Riafio et al. (2020)
Alonso-Riario et al. (2020)
Alonso-Riafio et al. (2020)
Socaci et al. (2018)
Crowley et al. (2017)
Present work
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Diets Control  CE0.1 CE0.4 SEM

Initial bodly weight (g) 2200 2201 2202 001
Final body weight (g) 3508 3567 3678 051
Weight gain (g kg™ ABW day™") 895 929 984 027
Daily growth index 0.92 0.96 1.02 0.03
Feed intake (g kg™ ABW day™") 13.73 1259 1136 056
Feed efficiency 065  074°°  088° 004
Protein efficiency ratio 136°  154*°  180° 008
Nitrogen retention (g kg™ ABW day™)) 024 025 024 001
Nitrogen retention (% NI) 2264 2671 2684 099
Energy retention (kJ kg™' ABW day™") 72.48 64.45 80.86 589
Energy retention (% E) 2202 2124 2914 187

“Values are presented as the mean (n = 3) and standard error of the mean (SEM). Values
in the same row and different superscript letters are significantly lifferent (Tukey' test;
p < 0.05).

Average body weight (ABW) = ((initial body weight, IBW + final bodly weight, FBW)/2).
Weight gain = (FBW-IBW x1,000/(ABW x time in days).

Daily growth index = (FBW' - IBW")/time in days) x100.

Feed efficiency = wet weight gain/chy feed intake.

Protein efficiency ratio = wet weight gain/ary protein intake.

Nitrogen retention (g/kg ABW/Gay) = (FBWxFBN ~ IBWxIBN) x1,000/(ABW x time in
days); IBN and FBN: initial and final nitrogen content.

Energy retention (g/kg ABW/day) = ((FBWxFBE  IBWXIBE) x1,000//(ABW x time in
days); IBE and FEN: initial and final energy content.

Energy retention (% energy intake) = whole-body energy refention/energy intake;

El) x100.
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Tools

”
R? adjusted
F-value
Significance level

Dependent variables

TPV

0.9981
0.9924
85.91
98.84

AAV

0.9924
0.9471
21.88
95.56

0.9981
0978
89.76
98.89
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Independent variables

Experimental values

Runs X4 Xz Xa
1 1 0 -1
2 0 0 o
3 0 0 0
4 -1 0 -1
5 1 e 0
6 0 = -1
7 1 0 1
8 0 1
9 0 ~1 9
10 - -1 0
11 0 0 0
12 -1 1 0
13 0 1 1
14 1 1 0
15 0 1 -1

Independent variables

Crude extract (U cellulase g™ of dry BSGer)*
BSGer (% WA)
Commercial B-glucosidase (U g™ dry BSGer)

50 U g~ of cellulase activity corresponds to 165.1 U g~' xylanase activity and 1.06 U g~ of B-glucosidase.

TPV (mg
GAEg™)

10.42 + 0.50
861048
1067 +0.72
818 £ 0.41
18.92 + 0.66
49.30 + 0.25
1219 + 0.50
1511 +2.02
4287 +0.26
2947 +2.96
11.04 +2.48
8.89 + 0.92
9.11£032
8.76 + 0.45
829 +0.63

AAV (umol
TEg™)

16.06 + 0.86
4252884
42.36 + 1.32
30.46 + 2.20
59.22 £ 13.77
28.79  0.82
59.25 + 3.45
41.06+12.83
83.48 £ 5.61
56.83+12.29
32.08 £ 3.29
3.98 + 1.61
081329
-4.54 + 0.82
-0.66 + 1.41

Identification

Xy
Xo
Xs

RS (mg g7) Glucose Pentoses
(mgg™) (mg g™)
3211+ 161 17.03 15.08
35.26 + 1.76 1817 17.09
3825+ 191 19.54 18.7
16.82 + 0.84 11.66 517
3082154 17.14 13.68
655 +3.06 27.43 3383
18.99 + 0.82 891 7.42
18.64 0.93 9,60 904
34.13+1.71 18.0 16.13
27.42 £1.37 13.72 13.71
368 + 066 18.72 358
976 +0.49 96 346
1472+ 0.74 75 4.86
1807 +09 120 6.07
212 ¢ 106 13.72 7.49
Coded levels

4 0 1

50 100 150

1 25 4

0 10 20
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Enzymes

Pectinase, alpha-amylase, hemicelluiase,
celluiase, and glucoamylase

Proteases, pectinase, celulase, and
hemicelluiase

Celulase, glucosidase, and pectinase

Pectinase, and «- and B-Glycosidase

Protease

Proteases and cellulase

Pectinase

Celllase and hemicelluiase
Polygalacturonase, pectin lyase, celulase, and

xylanase
Lysozyme

Proteases, hemicellulase, pectinase, and
cellulase

Polygalacturonase, celulase, and
hemicelulases

B-glucosidase, tannase, and cellulase

Celulase, xylanase, and pectinase

Cellulase, hemicellulase, and pectinase

Beta-glucanase, pectinase, protease, and
feruiic acid esterase

Cellulase

a-Amylase, p-glucanase, protease,
hemicellulases, lipase, phytase, cellulases,
and pectinase

Pectinases

Cellulase, pectinase, and tannase

Matrix/Metabolite

Guarana (Paulinia cupana) seeds/
Caffeine and tannins

Flaxseed meal/polyphenols and
proteins

Grape skins/Anthocyanins and
flavanols

Grape pomace/aroma compounds
(alcohols, esters, terpenes, and
others)

Blue crab (Portunus segnis) shells/
carotenoproteins
Salvia officinalis leaves/Rosmarinic

acid

Spent coffee ground/flavonoids

Japanese Peppermint (Mentha
arvensis) leaves/essential oil

Unsold ripened tomatoes/
carotenoids

Spirulin (Arthrospira platensis)/
C-phycocyanin

Tiger nut (Cyperus esculentus)/o

Opuntia ficus-indica cladodes/
isorhamnetin conjugates

Gitrus pectin by-product/aglycone
flavanones

Red beets/betalains

Licorice roots/glycyrizic acid

Sweet cherry (Prunus avium)
pomace/polyphenols

Passion fruit/polyphenols

Mango peel/phenolic acids

Pomelo (Gitrus maxima) peel by-
products/flavonoids

Olive pomace/polyphenols

Extraction conditions

Solvent-biomass ratio: 5 mi/g, solvent: water,
50-70°C, enzyme loading: 0.1~1% vAv biomass,
5.5h, 200 pm

Solvent-biomass ratio: 6.58 mi/g, solvent: water or
10% ethanol /v, 50°C, enzyme loading: 0.3-2.0%,
VA, 1.5 h, 200 rpm

Solvent-biomass ratio: 20 mi/g, solvent: 12.6%
ethanol solution with 4 g/L tartaric acid, pH 3.6,
20-80°C, enzyme loading: 15 mg/L, 72 h

Particle diameter: < 500 ym, Solvent-biomass ratio:
0.6 ml/g, solvent: 70% ethanol/Mili-Q water
solution, pH 5.0, 35°C enzyme loading: 0.9 ¢/10 i,
48h, 120 rpm

Solvent-biomass ratio: 5 ml/g, solvent: water (oH
8.0),50°C, enzyme loading: 20 U/g biomass, 60 min

Solvent-biomass ratio: 25.76 mi/g, solvent: water
(pH 6.9), 54.3°C, enzyme loading: 4.49%, wiw, 2 h
with stiring

Solvent-biomass ratio: 15 ml/g, solvent: sodium
acetate buffer (200 mM, pH 5.5), 37°C, enzyme
loading: 0.67% v/v, 60 min

Solvent-biomass ratio: 10 ml/g, solvent: water, 40°C
enzyme loading: 2%w/v, 3 h, 120 strokes/min

solvent: acetate bufer (100 mM, pH 5.5), 50°C,
enzyme loading: 25 U/g, 180 min

Solvent-biomass ratio: 8 ml/g, solvent: phosphate
buffer (100 mM, pH 6.8), 37°C, enzyme loading:
0.6% w/v, 16 h + US: 20kHz, 50% amplitude,
2.5 min

Particle diameter: < 600 um, Solvent-biomass ratio:
10 ml/g, solvent: water, pH 4.9, 45°C enzyme
loading: 2% w/v, 180 min, 120 rpm; MW: 2.45GHz,
300 W, US: 25 KHz, 460 W, 30 min, 40°C

Solvent-biomass ratio: 5 mi/g, solvent: ethanol/
water 90/10, pH 4.0, 40°C enzyme loading: 1.5% w/
v, 30 min, scCO2: pressure 100 bar, flow rate: 18 g/
min, 10-40 min, 60°C, co-solvent: 20% ethanol

Solvent-biomass ratio: 12.5 mi/g, solvent: acetate
buffer (20 mM, pH 5.0), 40°C, enzyme loading:
20 U/g biomass, 24 h, 120 rpm

Solvent-biomass ratio: 15 ml/g, solvent: acetate
buffer (oH 6.5), 25°C, enzyme loading: 24 U/g, 4 h

Particle diameter: < 2 um, Solvent-biomass ratio:
5 milg, solvent: acetate buffer, pH 5.0, 45°C enzyme
loading: 2% w/v, 1 h with stirring

Solvent-biomass ratio: 2.63 mi/g, solvent: sodium
phosphate buffer (100 mM), pH 10.0, 70°C enzyme
loading: 2-140 /g, 18.4-40 min, 750 rpm

Particle diameter: < 180 ym, Solvent-biomass ratio:
50 mi/g, solvent: water, pH 5.0, 30°C enzyme
loading: 6% w/v, 47 min, US: 50 KHz, 300 W

Solvent: sodium phosphate buffer, pH 4.5-7.5,
37-63'C enzyme loading: 2.3-4.1% wiv,

60-120 min, US: 40 kHz, 45-120 W

Particle diameter: < 149 pm, Solvent-biomass ratio:
142.99 mi/g, solvent: water, enzyme loading:
3.45% W/, 65.23 min + US: 40 kHz,

69.26 min, 30°C

Solvent-biomass ratio: 15 ml/g, solvent: water, pH
5.0, 60°C enzyme loading: 2% wiv, 17 min,
120 rpm, MW: 2.45 GHz, 600 W

References

Ribeiro et al. (2012)

Ribeiro et al. (2013)

Nogales-Buenoet al. (2020)

Liang et al. (2020)

Hamdi et al. (2020)

Suetal. (2020)

Khairil Anuar et al. 2020)

Shimotori et al. (2020)

Lombardell et al. (2020)

Tavanandi and
Raghavarao, (2020)

Hu et al. (2020)

Antunes-Ricardo et al.
(2020)

Barbosa et al. (2021)

Lombardelli et al. (2021)

Giahi et al. (2021)

Dominguez-Rodriguez et dl

(2021)

Wang et al. (2021)

Shari et al. (2021)

Anh et al. (2021)

Macedo et al. (2021)
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joactive compound

Amaranthus spp. Seeds extract rich in
antifungal peptides

Phenolics and carbohydrate fractions

of okra seed and seedless pod

Grape seed extract powder

Grape seed extracts

Hull, bur, and leaf chestnut extracts

Grape seed extract

Camu-camu (Vyrciaria dubia) seed
extract

Addition levels

7.04 and 22.96%

300 mg, 600 mg, and
19/500g

20g CEkg

19kg

250-1,000 mgkg

059/100g

1.0g/100g

Food product

Bread

Bread

Frozen fish

Dry cured
sausage
“chorizo”

Beef patties

Petit Suisse
cheese

Yogurt

Formulation properties

1 nutritional value (protein and free amino acids)
Delay in the appearance of fungal mycelium in storage

No changes in taste and flavor

1 bread antioxidant activity

1 antioxidant activity (30-40%) with thermal processing;
formation of harmful compound AF-(carboxymethyl)lysine
Acceptable color change acceptable with little effect on quality

Inhibition of the formation of lipid hydroperoxides and
thiobarbituric acid reactive substances (TBARS)

1 oxidation determined using TBARS method and the total

volatile compounds of lipid oxidation

1 sensory acceptance compared to those formulated with

BHT, chestnut extract and control

1 lipid oxidation in hamburgers

1 reduction of metmyoglobin at higher doses

It did not affect sensory acceptance

1 total phenolics and antioxidant activity (up to 28 days)

738% sensory acceptance

77%inhibition of angiotensin-converting enzyme (ACE) activity

1 antioxidant and chemical reducing capacity (FRAP, DPPH,

and FCRC methods)

The camu-camu yogurt containing 0.25 ¢/100 g of lyophiized
camu-camu (Myrciaria dubia) seed extract had an acceptance

rate of 84%

References

Rizzello et al.
(2009)

Peng et al
(2010)

Ozenetal
(2011)

Lorenzo et al.
(2013)

Zamuz et al.
(2018)

Deolindo et al.
(2019)

Fidelis et al.
(2020)
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Compound (% w/w dry basis) Unfermented BSG

Protein 25.30 £ 0.02°
Fiber 59.94 £ 201°
Cellulose 21.16 + 0.99°
Hemicellulose 2377 £1.4°
Lignin 15.01 £ 041

% Mass variation = {5/

R T

BSGer

2931 0.31°
43.30 £ 0.30°
14.73 + 0.39%
1529 £ 0.2
13.28 £ 0.72°

Mass variation (%)

25
53
55
58
42
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Source

Model
A-Agtation

B-Aeration

C-Biomass concentration
AB

AC

BC

a2

5

c?

Residual

Lack of Fit

Pure Error

Cor Total

Sum of squares

77.82
53.27
113
4.49
0.0894
1.50
0.0114
7.44
0.0141
121
1.36
1.29
0.0722
79.18

%

>

NSO A L S L)

Mean square

8.65
53.27
113
4.49
0.0894
1.50
00114
7.44
0.0141
1.21
0.1946
0.2580
0.0361

F-value

44.44
273.77
5.80
23.06
0.4597
7.7
0.0588
38.21
0.0723
6.22

7.14

p-value

<0.0001
<0.0001
0.0469
0.0020
05196
0.0274
08154
0.0005
0.7957
00413

0.1273
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Run Agitation (rpm) Aeration (L min") ka (™)

1 200 1 0.0018
6 200 4 0.0035
2 200 7 0.005
7 500 1 0.0143
3 500 4 0.029
9 500 7 0.037
4 800 1 0.04
10 800 4 0.08
5 800 7 o1
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References Operating conditions Strain Cx(@L™ Xylose(@L™") Qp(gL'h™) Pylgox'h)

Present study Agitation-728 rpm, aeration-7 L min”" G. oxydans NLT1 111 100 7.37 664
Zhang et al. (2017)  Agitation-500 rpm, aeration-25L min"'  G. oxydans 250 63 542 217
DSM 2003
Zhou et al. (2015)  Agitation-500 rpm, aeration-3 L min’ G. oxydans NLT1 2 450 367 235
Zhou et al. (2017) Agitation-500 rpm, aeration-3 L min”" G. oxydans NL71 6 300 325 5.26
Dai et al. (2020) Agitation-300 rpm, aeration not mentioned  G. oxydans NL71 4 141 4.48 1.12
Zhou et al. (2019) Agitation-300 rpm, aeration- L min 4 G. oxydans NL71 10 200 7.10 07
Zhang et al. (20166)  Agitation-500 rpm, aeration-25Lmin" . oxydans DSM 2003 15 40 1.43 -
Houetal. 2018) Agitation-500 rpm, aeration-1 wm G. oxydans 5% 54 082 e
DSM 2003
Houetal. 2019)  Agitation-500 rpm, aeration-1 wm G. oxydans 5% 60 096 E
DSM 2003
Yim et al. (2017) Shaking at 200 pm Conynebacterium glutamicum 2% 20 1.02 E
Liu et al. (2012) Agitation-650 rpm, aeration-0.5 wm E. coli 32 40 1.09 0.34
Toivari et al. (2010a)  Agitation-500 rpm, aeration-01 wm S. cerevisiae Xyd1 46 20 0.03 0.0065
Toivari et al. (2010b) ~ Agitation-500 rpm, aeration-01 wm S. cerevisiae 4 49 0.44 0.06

B67002 xylB
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Factors

Agttation
Aeration
Biomass concentration

Symbols and units

A (rpm)
B({Lmin")
c@L

Coded levels
Low (-1) Mid (0) High (+1)
200 500 800
1 4 7
1 15 2
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Run Factor A Factor B Factor C Response: Py

Agitation (rpm) Aeration (L min~") Biomass (o 'h™)
concentration (g L)

1 200 1 1 0.32
2 200 7 1 1.28
3 500 4 1 5.75
4 800 1 1 6.00
5 800 7 1 6.33
6 200 4 15 0.94
7 500 1 15 4.67
8 500 4 15 5.50
] 500 ;i 15 5.76
10 800 4 15 6.01
" 200 3 2 0.33
12 200 7 2 093
13 500 4 2 3.18
14 800 i 2 4.07
15 800 * 2 4.45
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Source

Penicillum notatum
Emericella niclulans
Aspergillus phoenicis

A. niger

Sporidliobolus ruineniae
Kluyveromyces marxianus
Streptomyces sviceus
Lactobacillus plantarum
A. melanogenum

Specific activity
(U/mg)

2248
191
100
N.D.

16.232

1,026.12

1140

84.34

9414

Optimal pH/temperature
()

5.0/40
5.0/45
6.0/60
6.0/80
7.0/40
4.5, 85/35
8.0/50
8.0/40
6.0/60

Temperature-stable range
[{~]

30-60
22-50
40-50
30-60
20-50
30-70
63-69
ND.
20-55

pH-stable range

3.0-80
4.0-50
25-70
3.0-80
5.0-90
4.0-6.0
6.56-8.0
ND.
35-75

References

Gayen and Ghosh (2019)
Gonoalves et al. (2011)
Riul et al. (2013)

Shao et al. (2020)
Kanpiengai et al. (2020)
Mahmoud et a. (2018)
Wu et al. (2015)
Iwamoto et al. (2008)
This study
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Purification step Total protein (mg) Total activity (U) Specific activity (U/mg) Purification fold Yield (%)

Crude enzyme 57.5 89400 1555 1 100
Ni-IDA agarose 5.81 5,469.5 9414 6.05 61.2
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Substrate Specific activity (U/mg) Ky (mM)

TA 7238 215
GCG 703.1 1.86
ECG 756.2 213
PG 941.4 1.7
MG 506.8 2.81
EGCG 6232 252

TA, tannic acio; GCG, gallocatechin galete; ECG, epicatechin galate; PG, propyl galte;
MG, methy! gallate: EGCG, epigallocatechin gallate.
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A

Content (%)

100+

Proportion of other sugas (%)

I

TR,

IERTRRRRINNN

2"y e aa | " |
Cane molasses  Soy molasses Alpha-galactosidase Beet molasses
treated soy molasses

Dry Matter B Sucrose content in molasses

E=1 Total sugars Sucrose content in dry matter

- 100
- 80
- 60
- 40

- 20

LT Ty

iz
Cane molasses Soy molasses Alpha-galactosidase Beet molasses
treated soy molasses

Glucose+Fructose ~ E=) Raffinose+Stachyose

B Sucrose Other monosaccharides

Sucrose proportion (%)
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100

Isomaltulose
concentration (g/L)

LT e
H
H

LT
TR AR,

o

Sucrose (300 g/LL)  Beet molasses (500 g/L) Pretreated
beet molasses (500 g/L)

E3 Isomaltulose concentration for free Slase (g/L)

[somaltulose concentration for immobilized Slase (g/L)

Yield of 1somaltulose per sucrose for immobilized Slase (g/g)

@B Vield of isomaltulose per sucrose for free Slase (g/g)

1.2

1.0

0.8

0.6

0.4

0.2

0.0

Yield of 1somaltulose

per sucrose (g/g)
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Characteristic

Organic matter (%)

oH

ECe

Total nitrogen (%)

Total phosphorus (%)

E. col

Saimonela

Phytotoxicity (seed germination) assay
Water holding capacity () water/g compost)
Cu (ppm)

Pb (ppmm)

Hg (ppm)

Se, Cd (ppm)

Moisture contents (%)

Standard

>20

<1,000 MPN/g
<3-4 MPN/g
80-90%
4
13-20

<70

Compost

50-60
6.9-75
3.3-35
2330
18-19

85%

15.54

16.65
0.7-09
0.4-05

20

Bioactive compost

50-60
7.0-80
3.1-34

2.7.0-31

1.8-20

0
0
95%
205

17.41
0.7-09
0.4-0.5

25
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Index of refraction (1V)
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Strains Substrate Isomaltulose Isomaltulose References
cost production proportion
(yuan/ton (g/L) (%)
isomaltulose)

Lactococcus Sucrose, 9000 36 <90 Park et al.,

lactis 2010

Saccharomyces  Sucrose, 9000 <4 <10 Leeetal., 2011

cerevisiae

Y. lipolytica Sucrose, 8300 §72.1 97.8 Zhang et al.,
2018

Bacillus subtilis CM, 3800 212.6 <924 Wu et al., 2017

Y. lipolytica CM, 3600 161.2 97.4 Wang et al.,
2019a

Y. lipolytica SM, 3800 209.4 97.8 Wang et al.,
2019b

Y. lipolytica BM, 2700 446.4 85.8 This study
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Treatments

CK

D10F
D20F
D30F

Yield/kg ha™*

2,242.35 + 104.25a
2,555.85 + 50.40b
2,448.75 + 52.35b
2,167.65 + 70.95a

Ratio
of first class/%

60.34
63.71
62.12
61.24

Unit price/RMB kg™

24.80
25.96
25.35
25.04

Value/RMB ha™"

55,611.52 + 2,584.07a
66,348.57 + 1,309.14c
62,075.82 + 1,325.58b
54,276.70 £ 1774.91a

Al data in the table are presented as means + standard deviation (SD). Means followed by different lower-case letters are significantly different at the 5% level by DMRT (Duncan multiole

e toal):
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Key taxa (D10F-CF-D20F)
R Value p Value

Yield 0.3533 0.027
Output Value 0.4419 0.005

Key taxa refer to those are significantly different from CK based on OTU statistics.
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Parameters Treatments LSD (p < 0.05)
Simple compost (C)  Nutrient-enriched  Bioactive compost (BAC)

compost (CN)

Plant growth parameters  Plant height (cm) 132.390 + 3.758b 140.767 + 4.128b 151,507 + 4.804a 34718
Stem diameter (cm) 1.150 + 0.050c 1.367 + 0.020b 1.467 + 0.020a 0.0304

Leaf area 31.920 + 1,502 36.857 + 1.925b 41.857 + 2.804a 1.7527

No. of lat. branches/plant 22,500 + 0.901¢ 25567 + 0.957b 31233 + 1.776a 1.0418

Lateral branch len. (om) 95.35 + 4.927¢ 110,033 + 3.9560 120250 + 5.212a 3.8610

Plant yield parameters Fruit fresh weight (g) 43.63 + 2.38c 57.89 + 1990 7781+ 2.49 1.8756
Fruit dry weight (g) 5.94 £ 0079 853 + 045D 13.15 + 0.26a 0.2468

Fruit diameter (cm) 3.12:01c 398+ 0150 51210172 0.1161

No. of marketable fruits/plant 4967 £ 351c 82.33 + 451b 11258 = 8.16a 4.6049

Marketable yield/plant (g) 2,172.69 £ 27062c  4,764.05 + 245,050 8,766.4  795.2a 412.49

Total no. marketable fruits 208 +21.071c 494 + 27.06b 675.5 + 48.94a 28.169

Total marketable yieldig) 13.04 £ 162¢ 2858 + 1.47b 526+ 4.77a 24750

No. of non-marketable fruits/plant 28 +361a 29+ 3a 15.33 £ 1530 23254

Non-marketable yield/plant (g) 140 + 18.03a 145 + 15a 76.67 + 7.64b 11.627

Total non-marketable yield(g) 9219170 174 + 182 168 + 21.63a 13.952

Total non-marketable yield(g) 0.46 + 0.05b 087 0092 084 £ 0.11a 00698

Total N in fit (mg/g) 0.165  0.003¢ 0.19 £ 00020 0219  0.002a 00021

Total P i fruit (mg/g) 0.259 + 0.003¢ 0276 + 0.004b 0318 + 0.005a 00032

Physiological parameters  Diff. resistance (s/cm) 3.040 £ 0.132a 3.008  0.153a 1.830 + 0.053b 0.0986
Quantum (umol/sm?) 646.047 + 17.252a 665.507 + 10.410a 658.110 + 15.985a 12125

Trans. rate (ug/Som?) 12,903 + 02020 12,027 £ 0.175b 22603 + 0.734a 0.3680

Relative humidty (%) 11.697 + 02300 11.443 £ 0.454b 12.987 + 0.414a 03000

Leaf temp. (C) 36,393 + 0.614b 36.877 + 0.866 @b 37.993 + 0.340a 05254

Photosynthetic pigments  Chlorophyl a (Mg/gFW) 0687 £ 0.012¢ 0.794 1 0.007b 0994 + 0.022a 00123
Chiorophyll b (mg/gFW) 0234 + 0.007c 0.284 + 0.005b 0457 + 0.027a 00131

Total Chi. (Mg/gFW) 0921 +0012¢ 1.077 + 0.002b 1.450 + 0.005a 0.0062

Carotenoids (mg/gFW) 0.470 + 0.010¢ 0527 + 0.0060 0593 + 0.006a 0.0061

Chl. a/b ratio 2940 £ 0.115a 2799 + 0073a 2182 £ 0.176b 0.1046

Soil enzyme activity Phosphatase EU (10 pg/mi 6970 + 0.255¢ 9107 + 0.215b 10.953 + 0.195a 01822

Dehydrogenase EU (10?) pg/ml 4.487 + 0.180c 5.603 + 0.130b 6.593 + 0.185a 0.3335
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Days post-inoculation (dpi)

30
60
90

Log values of viable cells

Soil (CF)

8.18 + 0.56
824 +1.27
8.33 £2.41
8.53 + 0.54
8.55 +0.56

Compost (C)

8.58 + 0.65
910+ 1.11
10.07 + 1.43
1115+ 0.74
1178+ 1.25

Bioactive compost (BAC)

9.75 +0.21
9.92 +0.39
10.79 + 0.94
1195 +£2.14
1220 + 1.32
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Treatments

Soi + Fertizer (CF)
Sol + PGPR (B)
W-compost (OW)

W-compost + PGPR (CWB)

R-compost (CR)
R-compost + PGPR (CRB)
LSD (o < 0.05)

Root length (cm)

16.33 + 0.21c
17.80 + 0.36b
17.83 + 0.45b
20.17 + 0.35a
17.83 + 0.49b
20.47 + 0.40a
0.32

Shoot length (cm)

43.90 + 0.66e

49.60 + 0.10d

50.90 + 0.46¢c

55.30 + 0.36b

50.17 + 0.36cd

56.13 + 0.40a
0.34

Plant
fresh weight (g)

34.95 + 0.43d
40.11 + 0.3%¢c
44.41 + 0.89b
49.48 + 0.68a
4564 + 0.87b
50.64 + 1.05a
0.62

Plant dry weight (g)

7.01 +0.29d
9.54 + 0.29c
11.02 £ 0.17b
13.60 + 0.35a
11.11 + 0.29b
13.58 + 0.55a
0.28
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Treatments

Soil + CF
Compost (C)

Compost + Bacteria (CB)
LSD (o < 0.05)

Treatments

Soil + CF
Compost (C)

Compost + Bacteria (CB)
LSD (o < 0.05)

Root length (cm)

13.13 + 0.40c

17.47 + 0.31b

2147 +0.21a
0.26

Chilies’ fresh weight (g)

3.40 + 0.13¢c

4.49 + 0.18b

5.70 + 0.15a
0.13

Shoot length (cm)

44.70 + 1.02c

55.46 + 0.83b

60.34 + 0.53a
0.67

Chilies’ dry weight (g)

0.56 + 0.03c

0.82 + 0.04b

1.19 + 0.04a
0.08

Fresh weight/plant (g)

37.32 + 0.80c

46.68 + 0.76b

53.68 + 0.88a
0.66

No. of chilies/plant

14.00 + 1.00c

22,00 + 1.00b

3167 + 1.53a
0.98

Dry weight/plant (g)

7.93 + 0.51c

12.77 + 0.54b

17.24 + 0412
0.40

Total yield/plant (g)

47.55 + 381c

98.66 + 4.87b

164.02 + 4.08a
3.49
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Treatments

Soil + CF
Compost (C)

Compost + Bacteria (CB)
LSD (p < 0.05)

Treatments

Soil + CF
Compost (C)

Compost + Bacteria (CB)
LSD (o < 0.05)

Root length (cm)

11.27 + 0.35¢

15.30 + 0.40b

18.93 + 0.25a
0.28

Chilies’ fresh weight (g)

3.69 + 0.20c

4.16 + 0.14b

4.84 + 0.15a
0.14

Shoot length (cm)

45.93 + 0.42c

52.60 + 0.50b

67.63 + 0.21a
0.32

Chilies’ dry weight (g)

0.50 + 0.04c

0.73 + 0.03b

1.04 + 0.04a
0.08

Fresh weight/plant (g)

36.61 +0.72c

46.39 + 0.98b

55.67 + 0.96a
073

No of chilies/plant

13.00 + 1.00c

19.00 + 1.00b

30.00 + 1.00a
0.82

Dry weight/plant (g)

7.39 + 0.24c

11.01 £ 0.290

13.92 + 0.29a
0.22

Total yield/plant (g)

48.04 + 591c

78.95 + 1.55b

145.18 + 5.86a
3.99
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Parameters Treatments LSD (p < 0.05)

Simple compost (C)  Nutrient-enriched  Bioactive compost (BAC)

compost (CN)
Plant growth parameters  Root length (cm) 10.83 + 0,250 13.87 + 045D 16.80 + 0.30a 028
Shoot length (cm) 4310+ 151c 55.73 + 1600 63.43 + 1.65a 1.30
Plant FW (g) 156.80 + 2,55 172.83 + 6.94b 185.37 + 6.38a 461
Plant DW (g) 39.90 + 121¢ 44.50 + 0.96b 54,07 + 1.56a 1.04
Plant yield parameters No of chiies/plant 8547 + 452 106.13 + 2.07b 159.33 + 3.42a 127
Yield of chiies/plant (g) 26666 + 14.1c 363.76 + 7.15b 1,058.6 + 21.36a 5.60
Total no of chiies 1,280.7 + 14.150 1,576.3 + 13.800 23905 + 44.6a 1028
Total yield of chies (Kg) 3.999 + 0.445¢ 5.4541 + 0477b 16.102 + 6.542 13.79
Total N in fruit (mg/g) 0.184 + 0.004c 0.206 + 0.004b 0226 + 0.004a 0,004
Total P in fruit (mg/g) 0211 + 0.004c 0.229 + 0004b 0259 + 0.003a 0.003
Photosynthetic activity Diffusive resistance (s/om) 220 + 0.052 1.60 + 0.05b 113 + 0.029¢ 0.04
Quantum (umol/sm?) 7535 + 36.4c 8959 + 22.20 1,096.5 + 27.52 239
Transpiration rate (g/Scm?) 17.37 + 1.40 2213+ 1.5 29.37 + 143 147
Relative humidity (%) 28,00 + 0.52 27,67 + 08a 27.50 + 0.52 0.49
Leaf temp.(C) 36,867 + 0.4a 37.07 £ 03a 37.03 + 0.42a 0.31
Photosynthetic pigments  Chlorophyll a (mg/gFW) 057 + 0.030¢ 0.68 + 0.023b 087 + 0.056a 0032
Chlorophyll b (mg/gFW) 027 + 0.027¢ 0.36 + 0.03b 043 + 0.026a 0023
Total Chl. (mg/gFW) 0.84 + 0,052 1.03 + 005b 129+ 0.072a 0.048
Carotenoids (mg/gFW) 0.424 + 00150 052+ 001b 059 +0.010a 0.0097
Chl. a/b ratio 2.11+0.153 1.90 £ 0.11a 20440132 0.1084
Soil enzyme Phosphatase EU (107) pg/ml 605 + 0.22¢ 8.45 + 033D 9.45 + 0.30a 0.1298

Dehydrogenase EU (10°) pg/ml 345+ 0.11c 4.74 + 0.19b 5.78 + 0.17a 0.2325
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Days post-inoculation (dpi) Log values of viable cells

Compost Compost + wild PGPR Compost + antibiotic-resistant
strains PGPR strains

7 388+ 065 699+ 07 618+06

15 46010 7.29+06 724112

30 447214 863145 833+24

60 46507 851+52 853+05

%0 493140 957 £05 955+ 06

180 573+13 7.61+05 792+ 06
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Genes

185 DNA1-F
185 DNAT-R
185 DNA2-F
185 IDNA2-R
HPT-F
HPT-R
PGKp-F
PGKp-R
GAPDp-F
GAPDp-R
VGBF
vGB-R

“The restriction sites are underlined: the start and stop codon are shown in bold: an overlapping sequence of two primers are marked with italic and the same Roman.

Primers (5'~3)°"

GAATTCACTCCTTGGTCCGTGTTTCAAGACGGG
GTGCCGAATATTAGGTCGACGGATCCAGATTGTAACGGCGAGTGAACAGGC
CCGTTACAATCTGGATCCGTCGACCTAATATTCGGCACCTTAACTCCGCGTTCGGTT
GCATGCTTGCCTGCGCGAGTATTTGGGTGGAAAACCCATA
GGATCCGGTGCTTAGGGTGCGTGTGCAAGG
GCGGTGAGTTCAGGCTTTTTCATTTTTTCTGGTTTGGAGGACCTTG
CCAAGGTCCTCCAAACCAGAAAAAAATGAAAAAGCCTGAACTCACC
GTCGACGAGGGCAAAGAAATAGAGTAGATGCCGACCGGGATC
AATATTTCAGGTGCCACACGCGCATTAATCG
GTCGAATGCATACGCGTCAATTGATTTCTCCTAATAGGCTGTCAGC
TTCGAAATGCTCGACCAGCAGACCA

TGCGCAAATGAGTTGACGGACTCGC

Restriction sites

EcoR |

Ssp |, Sal I, BamH |
BamH |, Sal |, Ssp |
Sphi

BamH |

Sal |
Sspl
Sal |
BstB |
Miu |

Overlap
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Genes

NDH

SDH

CcoxX

KDG1

ICD

cs

CYP52M1

UGTA

VG

Tubuiin

Name

NADH dehydrogenase
Succinate dehydrogenase
Cytochrome ¢ oxidase
Alpha-ketoglutarate dehydrogenase
Isocitrate dehydrogenase

Citrate synthase

Cytochrome P450 monooxygenase
UDP-glucosyltranserase

Vireoscilla hemoglobin

Tubulin Z cytoskeleton

E

R:
F
R:
F
R:
F
R:
F
R:
F: GTCTACTCACCAACTCAATCCCTC
R:
F
R:
F
R
F
R:
F
R:

Primers (5'-3)

: AACTCAATCCCTCGTCGTCAG

: AATAGCCTGTCCACTCTTTCCC
: GCGTGAGTTTTCAACGGTGG

: ACCGACGGGAGGGGTTACTAT
: GGCATTTGGTCGGGTTCATA

: GCCCATCTTGACTCGCTACTGT
- TGGATTTCCGCCAATACCG

: GCTGAAAACACCAAACACGAG
: TICATGCGGAGGTTACGACA

: GCCTCGCCAATGTAAAGACG

: CCAATAGCCTGTCCACTCTTTC

: GGGTCCGTTTGAAAGCGTAAT

: TIGTAGCCCGTGATGGTTCG

- TGGTTCATAGCGAGTTTCTTTGC

: CTGGCTGGATTTGTTTAGGGG

: CGAGAACTGTCATAGCAAGAGCC
: ACATCATCAAGGCTACCGTTCC

: TGATGAGACGGGCTGGGAAT

: ACCGTTACTGAACCTTACAATGCC
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Treatments

CK

D10F

D20F

D30F

Fertilization strategies

Fermented soybeans (N:P:K = 6:1:2), 300 kg ha™"; Tobacco fomulated fertilzer (N:
Diammonium Phosphate (N:P:K = 18:46:0), 30 kg ha™'; Potassium sulfate (N:P!
Fermented soybeans (N:PK = 6:1:2), 270 kg ha™"; Tobacco fomulated fertilzer (N:
Diammonium Phosphate ( = 18:46:0), 27 kg ha™"; Potassium sulfate (N:P:
Superphosphate (N:PK = 0:20:0), 24.6 kg ha™'

Fermented soybeans (N:P:K = 6:1:2), 240 kg ha™; Tobacco fomulated fertilzer (N:P:K = 10:10:20), 269.2 kg ha™";
Diammonium Phosphate (N:P:K = 18:46:0), 24 kg ha™; Potassium sufate (N:P:K = 0:0:50), 181.32 kg ha™'; Calcium
Superphosphate (N:P:K = 0:20:0), 49.2 kg ha™"

Fermented soybeans (N:P:K = 6:1:2), 210 kg ha™*; Tobacco fomulated fertlzer (N:P:K = 10:10:20), 226.8 kg ha™";
Diammonium Phosphate (N:P:K = 18:46:0), 21 kg ha™'; Potassium sulfate (N:P:K = 0:0:50), 195.48 kg ha™"; Calcium
Superphosphate (N:P:K = 0:20:0), 73.8 kg ha™'

0:10:20), 324 kg ha™';
:0:50), 153 kg ha '

0:10:20), 291.6 kg ha™';
50), 167.16 kg ha™'; Calcium
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Sample name

CK

D10F
D20F
D30F

‘Shannon

55763 + 0.1364
5.6680 + 0.0668
56973 + 0.1181
57011 + 0.1065

Simpson

0.0199 + 0.0061a
0.0130 + 0.0020ab
0.0116 + 0.0022b
0.0147 + 0.0029ab

Ace

2,261.33 + 19.21
2,265.46 + 25.63
2,234.97 + 64.75
2,233.57 + 45.20

Chaol

2,269.99 + 44.07
2,260.42 + 23.13
2,217.07 + 105.33
2,220.84 + 69.04

PD whole
tree

130.38 + 1.69
129.19 + 0.68
12812 + 3.98
131.81 +2.27

Al data in the table are presented as means + standard deviation (SD). Means followed by different lower-case letters are significantly different at the 5% level by DMRT (Duncan muttiole

e toal):
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