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Abstract

This research was carried out to evaluate the effect of adding citrus juice residue
at four concentrations (10, 20,30 and 40%) to oyster mushroom Pleurotus flor-
ida substrate (wheat straw) on its productivity and quality. The productivity in-
dicators (yield and biological efficiency) and chemical content (the per
centage of protein, total phenols, antioxidant activity (DPPH%)) were studied.
The results shown that most of the concentrations of citrus residue increased
productivity and biological efficiency, but high concentrations 40% caused
the death of mycelium.

However, treatment 30 % of citrus juice residue was the best compared to the
control and other treatments, which increased both productivity (448.68 g/kg
wet substrate) and biological efficiency (136.02%). Moreover, the citrus juice
residue increased the nutritional value of oyster mushroom. Protein and anti-
oxidant activity were the highest at 30% of citrus juice residue (25.49 % of
dry matter and 66.22 DPPH%). In conclusion, mushroom farmers can be ad-
vised to add 30% of citrus juice residue to the mushroom substrate due to its
positive effect on the production and nutritional value of oyster mushrooms
on the one hand and for safe disposal of it on the other.

Key words: Citrus Juice Residue, Wheat Straw, Oyster Mushroom, Bio-
logical Efficiency, Protein.

12 -3


mailto:ghania.moulla@damascusuniversity.edu.sy
mailto:juhena.alghadir@damascusuniversity.edu.sy
mailto:ghonwa%20mohammad@damascusuniversity.edu.sy

5o diyga (Aule gl (glaall il daliily gai b Clcaeal) pas Ll i) Allad auds

daaiad) Yl
35058 aieal (pSlgind) o HESH A AUl e Lalad Teda aaly (8301 clgiad) 3 Sladlly bl oLaa¥ o)
Shill Jss of LS o(Manz al et,1999) Glilly ciloSully (A8lall 55l (e %35-19) iplls & slie sed dubill
Oe gl Gl olial Dl Jliee 5auSl aliaeS oypn 35 lae lady) a3 6 oSl agall e Jlay
Gladl il delyy gad angill <& (Hoa al et, 2015) phenolic acids 4l sual) alaaly flavonoids il gisidla
il Llasg dael) 3l colali) Lgady eg diae Jalussl e atel)) Ka ua 2l 2 g de)) 3 Jguw 43 Pleurotus sp
«(Zervakis al et, 2001) 55 s3le] Pla o Wadl o328 o ) paliill gai Jall allall dngil) of Loy ¢ 3131
Jhill aey G (Naeem al et,2014) Leall cDleSa d3lialy of 5300 L) (glaall hadll glgil Calide del) 3 dac oS Lgalaiinlg
o3t (b Lemrtinad Lol clia ) coially ol Solld) lad e Dolh Sied) e 4nlii Jeks (glad)
ob Csialdl aas 53 . (Elisashvili al €t,2006) il pUad) 8 dygunell Salall yuom sale] (5 Lala Do cunly sd cojilSSs
Llas Clilaal) o3 (e (glaal) il el Tacos ool dalla el 2 Y] clilieg A waestl Wlas (o )
Zervakis al et, ) asall Jodll 5i8 ¢(Mudakir al et, 2014) Theobroma cacao s8I ailias (e da3lll ¢y yall
saill yuac Ll (Jahangir at el, 2018) Citrus.sp clacasall 585 Gossypium barbadense ¢l caldasi ¢(2001
«(Arshad al et, 2018) Saccharum.sp JSull cuad yac Ll ((Mohsen al et,2012) &luasally Mangifera indica
delyy oy A %(60-40) 385 Gileaall LAl Was of clu)dll ciasg . (Gregori al et, 2008) 5l gt LWlay ¢l
sal o€ Sl e Wiy i) sl aie s o LS ¢(Yang al et, 2008) dugial) liSlly Lialisy) (a gy ¢ yhadl
Sl st Wiy Jaasg e Aol of V)l Lagy 20 Gaatl Graied Cam Assdiall sai gy (% 75— 25) (gl ladl)
s Al sad g el Calas Loy ) Clcaeal) jeme Ll ilial (Arshad al et, 2018) dalil) (e (s Tyt
L?_A_a)'ﬁ hadll C&ﬂ Gluacall Wi e Ppulmonarius 4e)))s «(Jahangir at el, 2018) laall clls jladl &gl 5elal)g dualisy)
yac Wiy e Grifola frondosa il dc)) 35 ¢(Inacio at el, 2015)4ulle 8ol davigl) Jlasiy Leale (pdlll Uy 5lua<l

iy ilumeal) 486 o (e ducl)) Dol alatiad o LS (2011¢Kim and Kim) 43¢Sis yhadll (313 (s Clacaeal

12 4



5o diyga (Aule - phmal) (Glaall il Laliily sai B cldaaal) juas Ll Al dlad auds

el Postreatus Jawg ¢ies ) 3al) dohadl) #1550 510U sliadll Lalially 4080 Ngudl) (sginally doganll 8l (g candy LS
-(Otieno at el, 2022) SISV 0d8 e dag Ao i)y die (ppm26.4) <5l (e (g5ina

Gaadd) caaa :lul

sl Y Lias I anaill Wlas a9 89 e 25l cign (n Lyge (B (laal) Lhadll del) s plaia¥) wlil s
S o) S Glacanall jilas el Ll Adled Slaal ) Gndl Gan (58] Bga (e T Blly daall o
oo @laall Hhadll Y Bale pasiel madll (55 Jass G A

saiiphg Gl Jga : LG

Aty salll deyon ADLA 238 54 cPleurotus florida Axall (glad) Hhadll Gl da 8 andicd sdiaal) Bala .1
0588 e e Ll Caddialy o 120 Jos dad 5l dacigier il sl Al ol (e adlic ety cAadisal)
.Citrus sinensis Lwdd Cilaeall Cial 5hg il

S jlae 8 Atbesl ddlasl cujaly clikd dilaie 8 hadll Lals de)ie S del)3l) @dd tdadd) glag ol<a 2
:2020-2019 stiaal) 55ll DS Ghad dasls S pslells del)3l)

() 55) Ael)3l) Jawy ) Slacaeall jeae Wi (g0 %40 530620 <10 3815 ol d3lia] a3 tdagpaall Olalaal) .3
dehy 30 Aaal cpti) ol (b€l ciantind (% 100 el (15) s lall dilia) Blalee 4 S Dbl 220 3l Jullg
et de 50 @l Sl sxe il Sl dlabes JSU ST 10 Jan

calatll gt B celdl Gl Gl rde )l dlee B Aasdioall Gluaeall pas Ll ds)l Jauy spaand .4
Ll el Lol 4 5aals %131 Bla dayn e Glegg) aladiul Gluaaall e G cadeg 3 sl
%3 Ay deg yaall AL la Aol legl Candl 2 cdlalae JSI alee 85000 Conill Caen Gl 1) lumeall yeme
calely a1 SR 4yl (a oS (i ol AR1S GS T Jles Lo (ulT 8 Al ALIAY Cite anssll bl (350 (e

any (opndl 5758) Lawssll IS e Al s JS) i 025 Bl A e G Cann ) ladlly sl

12 &+ 5



5o diyga (Aule gl (glaall il daliily gai b Clcaeal) pas Ll i) Allad auds

%9585 duga dushys “al9 Bha dad ) SV Clily gl mansiy gl o ail) A Ca ¢ pamail) B3 ol
Bpainn Lsgg Laags Aol 12 52d LSl 1500 5elals

thg el cilpdigall L5

Ayl clpdigall o

o)l Jassst o)l G3gl e &S T e gl (§) caayll Aoyl alusal) O3 :halily)l o

byl (isll] =% sl 5l :(Otieno at el, 2022) Al lsledd) Gy losbon & A (%) Lol 3l O
100*[(3) aessl ladl G351/ () il pluan

tdac ol Cpdigal) @

Osadaally Catnall Hladll e 8 g V) dacd sy JalalS di ke aensy (59 ) A a8 252(%) 0o g yall Assiall anaill
20 dilal Jaal jlea b angll il 8 digadadd) Shaill A e g 1 aad L V1 Alsall L Jalye A6 e
by (110 Gowsy elas QliyS + o gaalisy GliyS) acagll Jaglie o 10 352515 el i Sl (aes (0 Ja
Ol o pas Gan il Sy Al Alspall (8 cdiel) clea s lead) dands pains 0”420 dapn e Slead)
ALGd) dgall A5 ¢ 40% asseall 2S5 )08 o 50 5 haid) eld) e o 20 4d) llink pungll sl Sligina il
O Js3Ssagn 2%l saal) ddall e iy 4% hijsll e (e Jo 50 (gsing g ae Ll ()90 2as
gl L Canandy ¢l i (n N 0.1 polSH (mens Goall ligine julad G slaal) (& 531 dlaall (2%
:(2008) A.0.A.C. A0 Aleall s Lisie dusS S

100 =% > sml A

- c—‘_éls.aj\ XZ,g_)‘,_\aJ‘ < u'aaal\ e
Gmll O

6.25 X % U cyung il duuss =% S (5l
Ayl aladnaly AN egual) Q)Sg :(ppm) (Ualdies ahe/clllal)l aes cA) KN Vel e sl pan o
AUl Al aluaY) Ghsaese (e §5 381 oLl mas el ae ¢(2017) Hoa al et s Folin —Ciocalteau

Jsy) b Il Galiiodl 5 (e da 02 381 & alladl) Jglad) e o 30 o) Gl i) a3 digalaally

1246



5o diyga (Aule gl (glaall il daliily gai b Clcaeal) pas Ll i) Allad auds

5010 53 Lt Bl dad o cindaly ) id) & ¢ lie sle a4y Culgh CAEIS a Ja 0.4 dish Cnaaly
iy ) cin) Gl an (e 10 s i) eladly aaaldl JaSls %74 s seall clig € o 2 Golaall grsiall (358 Ciucal
Ol phiinl gl 765 dage Job die =l Jolaall daliaial (ol 25 cdele 8ad ol Hha dap e DUl
tb hd a8 [l (amea gt 810 il g jaanl Sy Abal) iaie paail SR (e Jexialg ¢ e 5
13l dslad) 385 (ppm)
-l Jalee X (0.0033 /Al Galasial)= (ppm)alsll eyl 585
Gsnee (e 1 aal :%(DPPH) 2,2'-diphenyl-1-picrylhydrazyl 4& s cfabiaal) SN Bl o
oo de 1 4 Oy I G e 1381 (il do 100 @ canly JiLadl g VU Aigadadlly Ul 4yl oLl
dasall Job o daliaia)) (uld o5 o e lu Choad s2al dallae &3 (b mjall &5 4 ¢ il Jgag S0 60 S5 DPPH
:(Hoa al et, 2017) 4l daladdl caes DPPH % 3] dandis doad Cadg ¢ jiagili 517
100% (aLal) alaaial/ sl (alaaial) -1=%520S0 sliadl) Ll

el Jlaninls Lilan) bl cullag ¢l Sgdiadl a3l manad 335 Cind) para 2 Alany) Julailly Auatl) aasi o

G U8l Aad ooy cllaus il 4550 i <Fisher L) Jlesiuls ANOVA (bl Julas (syaf .(XLSTAT 2014)

%95 4& (ggis 2ic(LSD) (gsine
:Laluy) chdgall b Asl3l Jauy ) Adlida JSPh luaeall jae Ll dbla) AU (1)
%30 Alolas cifia i (1 Jp2n) Liseal) 5oy AalitY) 3 hail) dey) Jans () ddliadl) cilcmasll jeme L gl
Clameal) yeme Wi %20 dslee L coDlaladl) paen o Lsina ellhy 28500 (caday Jaog 4S/¢ 448.68) Toalis) e
&S/ 267.875278.83) wlally Cluaen jume Ll %10 Al 3 Zonlis) S il Leiy . (b Lauss 25/ 329.02)

(%136.02) dssal 52Ul dad el %30 55 Clacaesll peme L il cilaw GiS (i) e oqiday Jag

12 5.7



5o diyga (Aule gl (glaall il daliily gai b Clcaeal) pas Ll i) Allad auds

Ll (e dalatiod (Kay 585 el of Liadlis <jelal LS. (%95.44) 2aLall g Loy e alaall gen e Ligins cllh, 43 gii
%40 A 5Sal ady die Hhadll Asade Cige s %30 4 Sluaeall jeac

(%) Lgnd) BeliSlly () O g &S b §) sl Lali B (glaal) Jhadl) dolj dag ) Adlida Sl Cilaaal) juas Ll Ail) il z(1) Jssad

Ligaal) 5olig) Laluy) Aalaal)
95.44 267.88¢ (05 %100) 3L
94.15 278.83¢ Slaaaal) yeae LE%10
103.97° 329.02° Glaaaal) yae Wa%20
136.02° 448 68" Clpainendl jeme LEY%30
Shaill daade g Gliaeaall jae LW %40
13.75 | 40.244 LSDsy;

%95 i (ggine vie D alaall Cillavgie (n dagine (3958 39ns S 2nlgll dpeal) 8 AdbAA] Cagal) yuds *

«(Onyango al et, 2011) g3Vl yaé Jany 435S (12 yiie il O g (Ao alil) ladll Ll (aliasl ued Sa
sail 3l bSally Ul el e gl clucaeall jeae Wi dilia) vie dugaal) 5elillg Lalisy) 53l i (Sasg
Inacio ) slel 86U dacssll Jlaty ages Lee S5 S a3 il 71 53U e of (Zervakis al et, 2001) kil
oo Aailil) sysall Lyail aleal) Ciglds Jane o Uity Lae Ll 23g) 850Kl 2Ll dadl s Lanysl <(at e, 2015
Llaall 5ol caw Gluaeall jae Lla 5850 53l e Hhadll daadie Cige e (Sasy -(Wang, 2010) Lshyll (ais
Auadliall A yaall lohadlls dely 3l Jansg gl (ajd 2139 ¢(Inacio at el, 2015) dehy 3l Janeg s dyd ady (o3 D)
-(Tahangir at e,2018., Otieno al et, 2022) ae (345 Liailiig gg, 5l adll

rglaall Jhill 4l alua¥) Loegi (B Aol by () Al Sy cluaeal) e Ll dila) 36 (2)

Agia i€ hoia (yig il (e il (s5ima (b lmanll jeae Wiy (he derdioaal 31 56 (2) Jsaall b gl ey
Glocaall peae Ll dlabae Cilaay ccalall gl (10 % 25.49 5 19.08 G (g ) Ao canglyi 388 . alall O3sll (e
Gluaes yae Ll %10 3S50 (o (Ssine (38 o aly (%25.49) Apail) clalas gues e Lgins Bgin %30 5850
Sina & Slumanll jiac Ll (he diliaal) davill aaly il il cjelal LS o sl e <% 19.08 5 19.94) salally

Gsina el %30 350 das (ppm 193.33) aalill e Ugine ciigin cDlebaal) gaend (AISH cgial) o aluad)

12+ 8



5o diyga (Aule gl (glaall il daliily gai b Clcaeal) pas Ll i) Allad auds

AL aliienal Lalids (e by Glacaeall jas Ll dila) of WS (ppm 254.54) %20 S5l o35 (ppm 268.48)
g 138 ((%45.54) i) e lgaes digiie DPPH _dall b e 1g3)8 5al) DA (e Sl sliadl) 4,480 aluaU
(s e« 51.93558.18) %105 20 xSl e B8 (%66.22) Slacans yeae Wi %30 dlales cilass
gl 4t Lol o pgpsall Slaillh el oy il (plaall Jlall SLasH (gginal) b ladli pads oSas
dila) vie duyatl) alua) & gl duas b BaL o8 NGl ((Onyeka al et, 2018) (i plls e Ay aluaal ey
Jealsii ae (38053 Liniling (2011 «Kim and Kim) diseY) Galea¥l clucaeall o8 1) 35ey Slacasall jeae Ll
e Ll 35 8ol Hhaall 4,4 eu;‘\ﬂ & Vsl e (sgimall Bal) e (Sang -(Mintesnot al et, 2014) 4.)
23 053 1385 (2011 ¢Kim and Kim) il suddally <Vl e Jlad) Slacasall 588 (ggine ) diliad)) cilpcasal
e gooyd) Shill ob Li al et (2017) 4] dealsile aa 38 1385 8all ol Jais o JoaSl aldioa) §)5ie e
s palew polysaccharides _Sull cilane 5 flavonoids <lawisidlall cterpenoids linill Jie dages clSyan A Lol ol
bl Galitid 2SI sliadl bl a8,

Nl G Sgiaall s (%) Oial) Aud B glaall i) Ao g () Adlida Sl Cilucaaal) pas Lk ddla) 8 1(2) Jsaad

:(%) DPPH Jauiil dygial) dsuiilly (ppm) 4alst)

(%) DPPH lauis Aulgl) Vgl (ggina gl duud Alalaal)
45.544 193.33¢ 19.08¢ (45 %100) aalall
51.93¢ 212.73¢ 19.94¢ lmeal) LE%10
58.18° 254.55" 21.84° Olumeall jme LE%20
66.22° 268.48° 25.492 Glocmenl) jeae LEZ630
4.90 13.22 1.01 LSDss,

%95 A (ggiusa vie COlebaall Cillacssio C Disine 3o d5ng o) ansl) dganl) b Adlaal) Cigyall uin ¥
sciluagilly clatiingy) :luald
o3 (o Ciliadll €5 50L) adey peeais N jladl) dasdie Cige %40 HS5 Clacasall jae Ll alasial e (1)

il de)) Jausy ) Liad

12 -9



5o diyga (Aule - phmal) (Glaall il Laliily sai B cldaaal) juas Ll Al dlad auds

SfE 448.68) nall (glad) yhaill by ady 4 (%30 o Slimeall juae Ll (e daladinl (Ko 3<5 Juadl (2)
(%666.22) bl jaliiua auslill sliad) Jallly (%25.49) s 5l daas 5215 PS (e 251381 4iad ol (caday Jaces
Asal Bsemn LWad) o3a e paldall Cangs ¢ uall (gladll Shadll dely) daus ) Glicasall yeae Ll dilal meati (3)

o zyaial) KL 2l 8y pual sl pe (AT dga (e AR Aailly TaliY) adils dgn e Ly

12 5-10



5o diyga (Aule gl (glaall il daliily gai b Clcaeal) pas Ll i) Allad auds

Pleurotus florida isall (glal ylill dely; haes ) 5l st Joro ey dilis) 36 .(2024) c4sle Olao

10.

11.

12.
13.

14.

raalall -6
5l glaal) il A iy Faalily pai 8 Aiseally Lpemall SN LS (mer 4l ((2020) Asle Slaa .1

Aada 134 . 3de daals cde)) 3 LIS Al agle aud o)) ¢i<a Al .Pleurotus ostreatus

(o)) 28) aslall 3ie daals Alna caiegig dialiy) A
A.0.A.C. (2008). Official Methods of Analysis 16th ed. Association of Official Analytical Chemists In-
ternational Arligton, Virginia, U.S.A.
Arshad, M.R., Arshad, M., Khan N.A., Ullah, M.I, Khan, S.M, Iftikhar, Y., Anjum, M. Z., Ochoa J. M.
and Foster, J. E. (2018). Suitability of sugarcane industry waste amended with agricultural wastes for
oyster mushroom cultivation. International Journal of Biosciences. 12(1): 206-211.
Elisashvili, V., Penninckx, M., Kachlishvili, E., Asatiani, M. and Kvesitadze, G. (2006). Use of Pleurotus
dryinus for Lignocellulolytic Enzymes Production in Submerged Fermentation of Mandarin Peels and
Tree Leaves. Enzyme and Microbial Technology. 38: 998-1004.
Fanadzo, M., Zireva, D.T., Dube, E and Mashingaidze A.B. (2010). Evaluation of various substrates and
supplements for biological efficiency of Pleurotus sajor-caju and Pleurotus ostreatus. Afr. J. Biotech-
nol. 9: 2756-2761.
Gregori, A., Svagelj, M., Pahor, B., Berovic, M. and Pohleven, F. (2008). The use of spent brewery grains
for Pleurotus ostreatus cultivation and enzyme production. in New Biotechnology. 25:157-161.
Hoa, H.T., Wang, C.H., Tam, N.V and Wang, C.L. (2017). Effects of Substrates and drying methods on
antioxidant compound and antioxidant activity of fruiting body extracts of two oyster mushrooms (Pleu-
rotus ostreatus and Pleurotus cystidiosus). International Food Research Journal. 24(5): 1998-2008.
Hoa, H.T., Wang, C.L and Wang, C.H. (2015). The Effects of Different Substrates on the Growth, Yield,
and Nutritional Composition of Two Oyster Mushrooms (Pleurotus ostreatus and Pleurotus cystidiosus).
Mycobiology. 43(4):423-434.
Inacio, F.D., Ferreira, R.O, de Araujo, C.A., Peralta, R. M. and de Souza, C. G. M. (2015). Production of
Enzymes and Biotransformation of Orange Waste by Oyster Mushroom, Pleurotus pulmonarius (Fr.)
Quel. Advances in Microbiology. 5: 1-8.
Jahangir, M.M., Khatana, M.A., Khan, N.A., Samin, G., Ziaf, K., Farooq, M.U and Igbal, W. (2018).
Morphological responses of king Oyster mushroom against augmentation of cotton waste with citrus peel.
Pak. J. Phytopathol. 30: 99-107.
Kim, J.H. and Kim, M.Y. (2011). Effect of Citrus Waste Substrate on the Production of Flavor Constit-
uent of Grifola Frondosa. Life Science Journal. 8(3): 67-71.
Manzi, P., Gambelli, L., Marconi, S., Vivanti, V. and Pizzoferrato, L. (1999). Nutrients in edible mush-
rooms: an inter-species comparative study. Food Chemistry. 65(4): 477-482.
Mintesnot, B., Ayalew, A and Kebede, A. (2014). Evaluation of Biomass of Some Invasive Weed Species
as Substrate for Oyster Mushroom (Pleurotus spp.) Cultivation. Pakistan Journal of Biological Sci-
ences.17(2): 2013-2019.

12 - 11



5o diyga (Aule gl (glaall il daliily gai b Clcaeal) pas Ll i) Allad auds

15

16.

17.

18.

19.

20.

21.

22.

23.

. Mohsen, S.M., Schnitzer, H., Aly, M. H and. Smuda, S. S. (2012). Physical and Chemical Properties of
Wastes Generated During Processing of Mango and Orange Juices. Journal of Food Industries and Nutri-
tion Science. 2(1): 277-289.

Mudakir, 1., Hastuti, U.S., Rohman, F and Gofur. A. (2014). The Effect of Cocoa Pods Waste as a Grow-
ing Media Supplement on Productivity and Nutrient Content of Brown Oyster Mushroom (Pleurotus cys-
tidiosus). Journal of Biology, Agriculture and Healthcare. 4: 134: 140.

Naeem, M.S., Ali, M.A., Ali, S., Sardar, H., Liaqat, R. and Shafig, M. (2014). Growth and yield perfor-
mance of oyster mushroom on different substrates. Mycopath. 12(1): 9-15.

Onyango, B. O., Palapala, V.A, Arama, P. F., Wagai S. O and Gichimu B. M. (2011). Suitability of se-
lected supplemented substrates for cultivation of Kenyan native wood ear mushrooms (Auricularia auric-
ula), American Journal of Food Technology, 6(5): 395-403.

Onyeka, E. U., Udeogu, E., Umelo, C and Okehie, M. A. (2018). Effect of substrate media on growth,
yield and nutritional composition of domestically grown oyster mushroom (Pleurotus ostreatus). African
Journal of Plant Science. 12(7): 141-147.

Otieno, O.D., Mulaa F.J., Obiero, G and Midiwo,J. (2022). Utilization of fruit waste substrates in mush-
room production and manipulation of chemical composition. Biocatalysis and Agricultural Biotechnol-
ogy. 39: 102250 p.

Wang, D., Sakoda, A and Suzuki, M. (2001). Biological efficiency and nutritional value of Pleurotus
ostreatus cultivated on spent beer grain. Bioresource Technology. 78, 293-300.

Yang, D., Liang, J., Wang,Y., Sun, F., Tao, H., Xu, Q., Zhang, L., Zhang, Z., Ho, C. T. and Wan, X.
(2015). Tea Waste: an Effective and Economic Substrate for Oyster Mushroom Cultivation. Journal of
the Science of Food and Agriculture. 96(2): 680-684.

Zervakis, G., Philippoussis, A., loannidas, S and Diamantoupolous, P. (2001). Mycelium growth kinetics
and optimum temperature conditions for cultivation of edible mushroom species on lignocellulosic sub-
strates. Folia Microbiol. 46(3): 231-234.

12 5~ 12


https://www.researchgate.net/journal/1097-0010_Journal_of_the_Science_of_Food_and_Agriculture
https://www.researchgate.net/journal/1097-0010_Journal_of_the_Science_of_Food_and_Agriculture

