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Preparation and Function of Medicine and Fertilizer Integrated
Aqua based on Berberine and Biogas Slurry
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Abstract : The objective of our study is to refine the formula and to examine the function of medicine and fertilizer integrated
aqua.First,the biogas slurry was purified by mixing with the magnet, gypsum and diatomite .The ratio of mineral nutrients N, P,
K were optimized by orthogonal test using the content of water—insoluble as an index,and the optimum formula was combined
with berberine to prepare the medicine and fertilizer integrated aqua.The inhibitory effect of this novel medicine and fertilizer
integrated aqua on Boirytis cinerea and its impact on the growth of Chinese cabbage were assayed.Results showed that after
purification , the concentration of Fe,Mn and Zn elements increased while Cu and other heavy metal ion sharply declined.In the
medicine and fertilizer integrated aqua (0.01% berberine, 17% urea,9% potassium dihydrogen phosphate, 10% potassium
nitrate and 8% fulvic acid, followed by a fill-up of biogas slurry) ,the mass ratio of N: P,05: K, was 8.51:4.18:7.87 ,and the
sum of N,P,0; and K, O means that the nutrient content was 205.6 g/L,which could meet the crop’s nutrient needs.The results
of antibacterial tests proved that medicine and fertilizer integrated aqua had a strong inhibitory effect on Botrytis cinerea, EC,
could be reduced to 12.12 pg/mL,which was reduced by 3.04% compared with the ECjof the berberine aqua(398.1 pg/mL).
The growth of Chinese cabbage was effectively promoted by spraying 150 times diluted medicine and fertilizer integrated aqua
(the nutrient content is 1.67 g/L).This study provided a scientific reference for improving antibacterial effect and fertilizer
efficiency of biogas slurry and developing medicine fertilizer with biogas slurry and berberine as the main raw material.
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Table 1  Factors and levels of orthogonal tests
B # 7 N ST
or AmE o BEEL camm oo
(%) (%) (%) (%)
15 7 10 6
17 9 12
3 19 11 14
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Table 2 Composition and basic physical and chemical

E)

properties of biogas slurry before and after purification

EEL D Bk (R ) ik
pH 7.35 £0.05 7.45 £0.08
PR (%) 0.131 £0.005 0.132 £0.003
N(%) 0.080 0.002 0.080 0.003
P,0.(%) ek 0.010 +0.002
K,0(%) 0.14 £0.01 0.16 +0.02
ARk (mg/L)  119.19 1.93 153.84 +2.05
ARGE(mg/L) 1268 £0.031 1,562 £0.012
AR (mg/L)  0.032 £0.015 0.045 £0.013
ARG (mg/L)  0.004 £0.001 0.001 +0.003
# (me/kg) Aokt Aokt
<84 x107° <27 %107}
i (mg/ ke) £1.1x10° £0.92 x10°
5 (me/ke) 1.01 £0.07 0.41 £0.03
(mg/ke) 6.10 £0.11 3.80 £0.13
4 (mg/kg) 1.00 +0.02 <0.60 £0.03
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Table 3  Results of orthogonal tests

BES

RS ARZE DO Cpmm paomm
(%) A gy (a) PER

(%) (%)

1 15 7 10 6 0.10

2 15 9 12 7 0.21

3 15 11 14 8 0.50

4 17 7 12 8 0.13

5 17 9 14 6 0.26

6 17 11 10 7 0.32

7 19 7 14 7 0.38

8 19 9 10 8 0.12

9 19 11 12 6 0.42

K, 0.81 0.61 0.54 0.78

K, 0.71 0.59 0.76 0.91

K, 0.92 1.24 1.14 0.75

k, 0.270 0.203 0.180 0.260

k, 0.237 0.197 0.253 0.303

k, 0.307 0.413 0.380 0.250

R 0.21 0.65 0.60 0.16

HEE-I B.C.A.D
ok ALB,C,D,

2.3 BiEZIE—L kTR R

SLEGI E 25 °C R /N BERR A S A L T b )
BE A 0.014% +0.002% (W/V) , 7F £ 5 WP 78 m
0.01% /NBERS I I8 25 e — AR ALK ], o4 & &
RS 0L 4, 3 4 A, il & 8 25 I — 14
1Bk N P,0, K,O & &4 514 85.1 41.8 78.7 ¢/L,
746 NY1106-2010 #r#E, Hop N P,0, [ K,0 &l =
205.6 g/L=200 g/L, figi#i RAEW X 3543 TR . 1
VBN — AR AR TR A, 25 R 52431 B2 12 2056,
2.4 INEEWHIKFIXG EEH SRR

/INBE B K TR MR OB BR B A 32, 64 128 | 256,
512 wg/mL( & 1) , 38 35 90 A 5] e B A B /N B Al 7Kk
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Table 4  Test results of water soluble fertilizer

E(EL7D W2 771 R {E (g/L) NY1106-2010
ENEGHE 85.1
P,0; Frig AREEAEAL B B AR SR I (NY/T 1977-2010) 41.8 N.P,0, K,0 #H1=200 g/L
K,0 && 78.7

FS/INEEBION Al K EE N R A 3R (60 h)

Table 5 Inhibition rate of berberine on Botrytis cinerea(60 h)

JINBERF A BE X (ug/mL) 0 32 64 128 256 512
PR B (mm) 5450 +1.73  51.15+135 4833 +1.04  44.00=050  3500+1.80  28.50 £0.40
Y5 E A% (mm) 46.50 £1.73 43.15 +1.35 40.33 +1.04 36.00 =0.50 27.00 +1.80 20.50 +0.40
IR y(% ) 7.20 13.30 22.60 41.90 55.90
MLZE Y 3.5389 3.8877 4.2479 47955 5.1484

X e K B9 B P M R (= 5) L A58 Sy [Ty R
y =0.9124x +3.54439 , JeZ 2% R® =0.99333, 24 %
%K 50% B, HLRAE Y = 5.0000, /)N B 5 7K 50 31 1 &

R FERG M) ECy, ok 398.11 pg/mlL,

PL /INBERON F ot i e 4T A
Fig.1 Effect of berberine on inhibition of Botrytis cinerea
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C3 . /NEERRIE F 64 we/mL; D2 . /NEERS M B 128 we/mL;
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2.5 BiRAGE—ELKF FNEREIEE BRI

THWR 25 A — PR AR 7K T v /) B sk 32 e B2 Sy 8
16 .32 .64 pg/mL (&l 2) , iZ 7K 55 300 il 3 i 2K 25 95 TR
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KR,y 13.83 om s BB 400 AT , bk g 0 K Tk
W= KAl 1271 em., 577 2% 3BT 0T A1, %K
FUREFE 300 A75H1 150 (FCHH KB 5 19 B2 16 635 K 7
B 400 {5 (p <0.05 ) , T ¢ 300 4741 150 {75119 4b 51
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P2 TR AR TR0 T i I R0 TR D ) R
Fig.2 Inhibitory effect of compound disinfection of

biogas slurry on Tomato Gray Mold
AL S HXT R B2 /NEER IR 8 g/ mL;
C2 . /NBEGRHE BE 16 wg/mL; A2 . /NEBERS MK B 32 g/mL;
E2/NEERR R EE 64 pg/mL

[E] 2255 AN (p >0.05) . Al BEREF B 300 50t 7& 3%
TR ESAEARAEAS T RE 150 A5 i), B FR e R ARG
Ml A RE SO A% B E IR TR ok 2, AR 400 % A0
500 f& I i TR R R, S EUIE R R R RS NP LK
WA, PRIMTAS SR AR 2R K BTl , A5 2R K2k
SRR KA RE 300 A% R A

il
g -
Somnnne
SHOD 0

control 50 150 300 400 500

3 R [RIAR BEXE SR A K 5
Fig.3 Effects of different treatments
on the growth of Chinese cabbage
TE AR NG FRERR 22 57 .35 (p <0.05)
AN FRERR 22 AN 3 (p >0.05) , 181 4 A
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Fig4 Effects of different treatments

on biomass of Chinese Cabbage

LRGSR A R A RO 1 SRRk e AR K 5
W) , 71 TR 245 B — A A AR A B 150 A% BRI 43 & hiE >
1.67 g/L BHE BT 8=,
3 #Hit

Prb MO SRS, FEINEE #E ik DL
UE , BEWI B IEOMIA W bk Vi B S BB, B S 1 &
R BT W R R, AT ZE T Ul A A
BEGK A TH W 245 N8 — AR AL 7K 7], H: e A T b A2 st Al ot
Sy /NBERH 0.01% , PR3 17% , WR _—2U80 9% , i 1R
B 10% , BIETR 8% , 1WA 2 100% , il & 1 25 i —
ALBLTT N: P,O,: K, O ikt [1:8.51: 4.18:7.87 . 5%
I BRAZ KGR Tt K B TR B B 4 A, ECs,
A 1212 pe/mL, R/ NEERE K T EC,, 19 3.04% , R
T 150 A% A6 B RN 3% o0 & B 1.67 o/ L BEA 20N
MR A Ko XTSRS B v T WA TR R RIS &L,
TT 2 LATE W AN /)N Bl Sy 3222 [0k} 1) 245 18— 44 A 7Kk 571
PRARLE S

S 3k

[1] Qin W, Egolfopoulos F N, Tsotsis T T.Fundamental and
environmental aspects of landfill gas utilization for power
generation[ J ].Chemical Engineering Journal ,2001,82:157-172.
(2] Ve, B Rbid, B4R 3Y 5 24 H R BB R R A M TS 5
#J]. ¥ EE4A,2014,32(3) :83-86.

[3]R™ 3, 30m 3,805, 5 BRI *F b K A K& £IET
¥gmara )] P BBA,2017,35(6) :83-88.

(41308, 258 0 Sk, 38R 36 5 K 3 R
TTCVESS S LY UL RIS E S-S ST T
2015,33(6) :64-70.

[S]wmAm, 254, E&%,F KEBiRA R ILKREA L

Vol.39,No.19,2018

[ 1] d ik 2016 (6) :34-35.
[6 MBI, kA Kok, 5 78R RAE S % & F B %
o B[] ALAR ,2015(6) (41,44,
(7] % &R B & AR DA R is Ley R[] RAT#3
K ,2014(3) ;51-52.
[8]EF R, 22,5 LT T EL /R ETHA
FRIAK[I]. P B EA,2016,34(4) :25-33.
[9]xlim 3,k em B e oA AR R RELT] k&,
2013(3) :30-34.
[10]Silva A R D,Neto J B D A,Silva C R D, et al. Berberine
antifungal activity in fluconazole — resistant pathogenic yeasts:
Action mechanism evaluated by flow cytometry and biofilm growth
inhibition in Candida spp. [ J ] . Antimicrobial Agents &
Chemotherapy,2016,60(6) :3551-3557.
[ 11 ] Cernakova M, Kostalova D. Antimicrobial activity of
berberine — a constituent of Mahonia aquifolium [ J] . Folia
Microbilo( Praha) ,2002,47(4) :375-378.
[12 ] Twasa K, Moriyasu M, Nader B, et al. Fungiciddal and
herbicidal activities of berberine related alkaloids [ J ] . Biosci
Biotechnol Biochem,2000,64(9) :1998-2000.
[13]Zhang H Y ,Piao X S,Zhang Q, et al.The effects of Forsythia
suspensa extract and berberine on growth performance,immunity,
antioxidant activities, and intestinal microbiota in broilers under
high stocking density[ J].Poultry Science,2013,92(8):1981 -
1988.
[14]Shen Y B,Piao X S,Kim S W et al.The effects of berberine
on the magnitude of the acute inflammatory response induced by
Escherichia coli lipopolysaccharide in broiler chickens[ J].Poultry
Science,2010,89(1) ;13-19.
[15]4&F,5F 40,5 D BERR 247 & W Ar A 15 A B
xR J]. A A5 ,2013,34(7) :321-325.
[16]3K3%, B EW ARk 5 MR RBHRERE[T]. &
& W56 F k. ,2015,31(5) :685-698.
[17 ]8Rk, #0454, & Bk AL R 5 & A 5 R4 iAo et
et s & A R AR AR T] R L3R A 5 5 4R ,2006,25
(1) :59-62.
(18] bk . 2F 7 R % A 4 38 B L ACE RE AT B4 [ D] de - e
FTARF,2015.
[19] &% T8k, Tikik FH&E Lo A& 2 K iEi
FEe ARt [J]. 7 R 255 5 4,2010,26(5) :462-465.
[20 ] Ozcan M, Boyraz N. Antifungal properties of some
herbdecoctions [ J ] . European Food Research and Technology,
2000,212(1) :86-88.
[21]Hou D,Yan C,Liu H,et al.Berberine as a natural compound
inhibits the development of brown rot fungus Monilinia fructicola
[J].Crop Protection,2010,29(9) :979-984.
[(22]z22 % aHRFAXGEREAH[]]. F £ XL 45,2013
(12):182-182.
(23 ]5EAEE IR 45 78 i 0 B 7 A AL T AR FL [ D ] AL -
i K52 ,2015.
[24] 2 R0, ER &, &4 BEGARA AR 6K 33 R AT
R[] P & 25,2013,44(6) :66-68.

(F4:% 332 )

20185 51981 313



I@ésﬁ%&

Science and Technology of Food Industry

ot ey ARt R[] ] oA A 2015,2(23) 122-25.
[20]Ririporn R, Benjakul S, Visessanguan W , et al. Acid—induced
gelation of natural actomyosin from Atlantic cod ( Gadusmorhua )
and burbot ( Lota lota) [ J].Food Hydrocolloids, 2009,23 (1) .
26-309.

21754 S22 5 ARAFERAML LR . PAZL L
Rt 2015 :126-127.

[22] Chan J K, Gill T A, Paulson A T.Thermal aggregation of
myosin subfragments from cod and herring[ J ] . Journal of Food
Science,1993,58(5) :1057-1061.

[23] A%, ER,AURM, F . G & & BRKEEPRS
BB AP0 AT ] AR A A ,2016,32(5) :91-97.
(24 ] ) Ay . 6k &0 B2 BE AX RTY BALIZ a9 AF 5T [ D] K2 48
R K 52,2007.

(25 ] B o, Ak 2, AURUEK, 5 . S B ) b A R IR A AL
it )] AT LA ,2015,36(23) :380-385.

[26] Fpmedd, 3 M, & 3K, 5 .3 KRR 3T I AL R
W e AR E ()] A S T AH34,2016,37(6) :367-371.
[27 ] Pongsawatmanit R, Srijunthongsiri S. Influence of xanthan
gum on rheological properties and freeze—thaw stability of tapioca
starch[ J ].Journal of Food Engineering,2008,88(1) :137-143.
[28 | Barrera A M, Ramirez J A, Gonzdlez— cabriales J J, et al.
Effect of pectins on the gelling properties of surimi from silver
carp[ J].Food Hydrocolloids.2002,16(5) :441-447.

(29t , ZE A, REH ARLFRE[M]. ) R . fdHE
I K5 k4E,2015.104-105.

(0] 2F FRRBKEF AT FHEA[T]. &Ik,
2015(7) :117-119

[31]Dai L, Wang B, An X. Oil/water interfaces of guar gum-
based biopolymer hydrogels and application to their separation
[J]. Carbohydrate Polymers,2017,169:9-15.

[2]Rtix, H3ed, REWM, F . FReBTHRTBRAR
[J]. 485 m 1 2017,7(5) :25-29.

[33]424% , %) &S0, R4 F 5 b B8 2 RAAH G A 0
ABAE R MR A A4 5 4% ,2017,38(8) :1553-1559
[34 ] Torres M D, Moreira R, Chenlo F, et al. Effect of water and
guar gum content on thermal properties of chestnut flour and its
(8% 313 )

[25) 2%, 4%, KL A, 5 ARG FTPHTALEYN
s oA 1] B 2507 ,2014,17(6) :972-974.

[26] 2400 BT = AE3E L RACH A BEAT R [J]. B3 %
¥ .,2016,38(14) ;34.

(27 [4E ks R SE 9, IR ML, 3 2k 3k 2 fE /R AL 32 AR 09
AR T] AL T3 ,2013,32(S1) :213-216.

(45 327 W)

(79142 &34 RS i AR AR IR AR EAT L) ] T
41,2008 ,37(8) :514-515.

[ 80 ] Hemmingson J A, Falshaw R, Furneaux R H, et al.Structure
and antiviral activity of the galactofucan sulfates extracted from

Undaria, Pinnatifida ( Phaeophyta ) [ J ] . Journal of Applied

332 20184 51941

tE R &

starch[ J ].Food Hydrocolloids,2013,22(2) :192-198.

[35] &35 . F RIARBAX B BRI 69 AR [T ] AR A Su A2
2016,22(3) :56-57.

[36]E 5 R, £8), 3000 . F AR AR X BT BE B IR 3% & Ao 3 K
MaeaFeall]. A £ 5 ,2005,8:37-39.

[37 134448  RALEE AT B A k- F M- IUR 4F 4 & G 1k & 4
F A Py e [ D] A e A e Tk K % ,2016.

[38 ] Ramirez J A, Uresti R M, Velazquez G, et al. Food
hydrocolloids as additives to improve the mechanical and
functional properties of fish products; A review [ J ] . Food
Hydrocolloids ,2011,25 . 1842-1852.

[39 ] Gravelle A J, Marangoni A G, Barbut S. Insight into the
mechanism of myofibrillar protein gel stability : Influencing texture
and microstructure using a model hydrophilic filler [ J ] . Food
Hydrocolloids ,2016,60 :415-424.

[40 ] Damodaran S S,Parkin K L, Fennema O R.;T %, % 3% &,
5, FF RRAF(FwR) (M x: P B T kg
#£,2013:813

[41) &, KRE™W , R WE . A Fo F R IR 2T & 8 6] o 5
R e #va [ J]. A T FF3,2016,37(2) :143-147.

[42 il de BRI . FARIA AT R & & R TR
oy [ J]. & SeAF 5 ,2009,30(17) :52-55

(43R de R FRIRAR AT Rk #8 & & B 5 4
W% [ )] A RAS,2009,30(5) :40-45.

[44] 3% F b 5h, 30 8 AR 2R 5 % R L BCAR R 09I K
W] &A5,2017,38(1) :149-153.

(45 ] #0830 K A2, S B 3 RICAF 1 AL AR R S Ao LB
B el B [ )] K BEAR 8 R, 2017 ,46 (1) :45-49.

[46 | Binsi P K, Nayak N,Sarkar P C,et al.Gelation and thermal
characteristics of microwave extracted fish gelatin — natural gum
composite gels[ J].Journal of Food Science and Technology,2017,
54(2) :518-530.

[47 ], 74 S BBRBRFRRREHTR[T]. R,
2009,30(24) :65-67.

[48] Ramiirez J A, Barrera M, Morales O G, et al. Effect of
xanthan and locust bean gums on the gelling properties of
myofibrillar protein[ J ].Food Hydrocolloids,2002,16(1) :11-16.

1101111111111 1111111111111 @111 1111111111

(28] f4 3, M5, %% Ak LR I 4R & F KK 69 AF
R[] 48R ERIFEAE 37 ,2016,30(2) :17-21.

[29] &t 2F,F L%, 5 AELANETLES THARA
KA )] P dak AR K 5 5 4R,2011,31(7) :183-189.

[30) 40k, TARA, TH, 5 AMRREELTELES T
Cd** \Pb*" e R AT 5[ J]. k3 54 1 ,2016,33(2) :1-7,10.

111-11-@-11-@1[1-11-@111- 1111 [1-11-@1 @111 -1 1] -@ 1111 1-@11-@1-@11-@-1 111114

Phycology,2006,18(2) :185-193.

(8L E&E b T &, REE,F v @ ET 2 RERE
BRSO RR LA R[] R &BARE FF4,2017,38(23) .
44-49,



