0£-£0 (o [ VEY | (linoj g sty [ YO/ bylosd | YV s/ il @slioor omwsite oliions

https://fooder.areeo.ac.ir :aow colw E

FOODER
AERI

g i e £oi

O pokiw! (Slo 33 45 g (3 laow 959 8 ST 199 9 Mg (ow y 9

T Slay pr o o Sl U

e 5 65,0LaS hjeel o Slidod 55 50 «55)slaS (cwiige 5 (o8 Dl Ji5u odegh JLolisl g el i ué Eime a4 Y )
Ol lsal es3,8laS gy g (bisel linko losls i jpn bl (xebo

R TATARTARIFOR-JOR VI PICRT PRVER 708 SO (W P

oS>

GBS 398 o0 dkd (AiSue adgl Blge 51 &5 Cuwl Glea pwlpw )3 Bpacyy g Medgulyd (Suily Sy oS pw
03lo oyl 3,13 3939 (339 LEBY g g (> dXBL Hlgis ay oyl 31 eoliwl g Sy i luSTns y8 B 3 oL
S 309381 Ky sino Do o U peebisg cUbiing g diwal (SUubuus] cBCH g gs S Wiilo giiko dlgo gy Jul &1 (painod
rwlio 88 00 )3 s 3900 g0 48,5 Sy S (103 91 3 1l (d9ud g 035l o UL i (5145 g aSCLT (g1t Consl 5
g Selgd 45 g g Gl (23 19 Wile (aalpud b JSII 51 0 51 g 9 JaotS i1 i Lol 45 o5 ALy il
b loys a8 s ilap e esd il ol oslisl of (SUL a8 o )3 &1 dagi U ol el Slojs 51 b ol 3
Yo g¥e N0 Ve 0 CIE L) d g puwr pennnr log , v 51 03l b ( Joilil s (Ao )3 0 g €0 Fe Yo Vo) clacdale
Yo sbd ;0 B yuSUgiwl (5 yr0 45 (093 dls po 45 g Cd )5 Wygeo (Cslw AT g VY EA FE) oo 4 (i jd 05
IS (5590 80 Ol w0 o0 (il 33 3,5 ok 59, Sl el 4 JoUT 1 (53152 pao8S FY Crte a (wgmabarde )3
& 13900 ety 9 L paSilo dulile (519 9 i odld Ldoxi g a 350 LadIS g (6 58311 pmodd yloudly g Sesuwlagm! o
Joill gl £/% ol yasins] sloys 05 obS Y 145 315 (Ui 3alo ylis oo 23Ukl EXCEl g SPSS 15800 55 j1 s 3
CaddS 31 e ¢S] oS Al 10 43 Cunl 80w Mgl Ceelun AT loj o 43 (39 o) o yd A D9 (pogld U
Ue/0 yads ol b (5539 o) Sinnlinna! 303 VY b oo o poo 53 € 3905 JSII (3lm0 (3! 59, V€ G VY
Sl 03,5 adgi o yd

((2yz 9N CuisgS 9 YYAQ paiS L VA- -+ a5
My 63l pSekS 0 IS YYFD s @
S5 eSS o TS Y e e 5l G Lo S e
p,5 Ve s s (Zaid & Wet, 2002) oS o o3
aligy 3 9y9e 651 S 5l ae,s VO B Ly Loy
(Al-Farsi & Lee, 2008) &S oo ool |, JLS, 5 5o

3G ae mizeed ogs ;00 L alie o k>

EVRY-N
Jya=s (Phoenix dactylifera) L,> <& )5 ogue
2oy sl Zal dile sl Slo)siS o coge )l
(Do P LEY) b 5l i g Olore,S Lys g
S aly ol a8 col Galisee  Some slge g lopmaling
Jias Ol oy o b lalie o i
FA- i QY- jge DY+ ol a5 by S

http://doi: 10.22092/FOODER.2024.359191.1338

Email : leila_behbahani@yahoo.com 1) gunns 05,55

© 2023, The Author(s). Published by Agricultural Engineering Research Institute. This is an open-access article distributed

under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/).



https://fooder.areeo.ac.ir/
http://doi/
http://aeri.ir/Main/Index.aspx
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

0£-20 Lo/ VE+Y [ oyl g sl / YO/ oylowi [ YV s/ lie pylio cwiige Olidsd

4 1y Jsibl sslse ganld o b iShyiul (pgs al> e
bls s 4 b xS lgrl aS o snST Sl sl
ouls aSlils Jlogzge boll 0,5 awld jo o>
Job 5y Sl sl (g0l 5 olie wiils oo 5 i
(Joyeux ) oS adgs ool i 4o 39290 LS 5 K8
etal., 1984

b,z Slasly sheslatnl cw)y asllas oul 5l Boa
Gl b Jyaze Gl 4 a5 e odgi Gl ol yesi]
Mg ueddu g9 5 Lo > BaiSadgs 4 5L 038l
Ol 9 yotte calizie slads,s dayioley] [0 culys]
el 00 sy 00 0t Sl 5 Jsil

gy g9l
ey gl e Sl sleys il ol slo >
Sl oslital Loy b g angd Loy (saiuatiny slaols)lS
039 I 65055 ugrmabis 4z 50 VA (sles 50 il
> yo 0 08 1% atn (39 9 )5 MO 390> LS o
09 (o5 (S jled
Wt el Loy soogee 10 parinal glo s o)las 4y
2 (V) shaie OT L g onyp SzgS wlakad 4y 5 (5505
Blo ojlac .0l (6,50 lac wgadaws a0 Ve glos
a0 Ve Gl o sid > glplel 5leslainl b ol
Qe g Fe Ve Ve Vo) Jlas 000 slacdale &y ugandas
285 Ladss (as s

A5 sl e 90 ez an TS 0 ol jeainl o5
oo by Joibl a4y joe35 BB laaid Jros (1) 10
(M s G o il 4 a8 ) Ol @) )5 29l
Tesfaye et al., ) b ;:Sbgiwl hwg Jobl gemlanns]
.(2002; Solieri & Giudici, 2009
o b o sad Blo ojlac 51 i) 50 :ywadd Wyl
a0 Ve glos jo g ol ooly JI8 ond ¥ Saull

gy pemrlog ) Bl gl joteo (39381 b ogades

Y7

ersdann; 5 penly 5 e e qulS o aling
Gboori & Krepl, 2010; Al-Shahib & Marshall, 2003;
.Mrabet et al., 2008)

6“”(;}’3 alises c.:L.o )‘ OMT Cewdds (51.645}‘»
alor 5l lisee Jole il Jslite ploon 5 (Sa3d
0095 3 OeST g 08 Clale ade Sladigu ¢ oSS Sloo
3,5 oo Sl a5 e @l SS9 odgi L s 1 eSS
.Ozturk et.al., 2015))

3 eolie &5y 5 olend o Shy (o2
UL Syl sl 5 (ga59igolld (i S 5 2l
wloo;w.ﬂ“_gw)wlw&)“vb‘)hcj
5 S pSia o Wlgiee JWdsm LS 5 prals Jds a
. (Basiri, 2022)asl azisls 9,3, b s Lo glsil Loy

sl 1 Sl 5 e (G098l (xS
S sl albiSS, (B 8 DlaS S deadss S
30 i o9l 4 B Lol 5. (Guerrero et.al., 2007) !
(Sl Gl @ oSl Ol slaSin B el
9 OAJ.I\SASL: som@}f&‘.m so.).j)‘..\.e‘i L ey
B oo, cel wlgd bl 00,5 oo ooliwl Sanies
«(Silva et al., 2007) oo plob >l (J& 5 (595
adl (Ubeda et al, 2010) glo,> ¢ S8 oo
Sossou et al.,) u.,l;Lﬂ «(Ameyapoh et al., 2010)
> el bl (Kocher etal.,2006) ,Sius 5 (2009
Dgls

il o a8l Sl sl 5l Joloee a5
laaid o Jgl al> o ;0 358 o0 adg (glal> po 93 (St

5 gd oo howd Jobl 4 jete Joo b pess LB



Ol yoio] (glo 3 45w (o3 leonnii 950 348 (SS9 9 AT (o)

S dle a3 ey S 59 oad sl Silaenl b
S ey (od 0351) Soiwl wsl g J5ill 003
L Jgbl s, adgs 4 oas sy Stlagenl b JSII S
Looid 51 (6 yegeS il g0 dr A5 0D Ly o Sl
A el 8 e Joill L

dosls Jud>i ¢ 4y 525 ) Excel 4 SPSS |l53le 45 5
A oolatl jloges gy 5 b Sleo anslis

VOIY ol olas o BV Lo @ ASIN peosis
sloy 55l V51 iy JUssl sl Slge ((G59) Suoys

Sl Cewd @y oyl pemionl

4 gl 555 BB aanl 5 BIOY o500 O adgl pH
(o>l $39) doys /Y= /8 5l Soul sl lgae
S0 e glas |5 095 0 lac PH zWol 4y (5L5 09
oy slp (010 5 0 FIB) oo Lialejl adgl pH oy
Xlgs o digo et bl a5 Sl 5l ais samline Joibl
Bai) was malS |y (5,50 0 g an0 1,8 Slcos 1) et
ey e g 0B adgl clale oo )31 (et al., 2008
do, YO U A 5l o cdale o L ad clale 3o
0L olel jede 5 ol il lbdiged al wyp
O3 gmbaz )0 Ve (glos )5 (o>l F39) o)y
b odd ez slao lac ol dls ((gdse Slge 3938
G FA jo ol olas ) suad ez cud,b celu ¥
do,d YoV =V gl cdale iSTas 4 cels A7
INZARIEIVNAERD IS || R R VOWS P S S
doye Ve bA ad clale coguse yo (o0
O JS8) del s a5 (oo S559)
@ (ool Sig) weyo Vo 5l i cale ogllaal il
aS sl ! (Ndipetal., 2001) ol (g ol jLid Lo

Yv

ool olazel BB 5 g ypess OlSl b 0,5 gl
Converti et al., 2003; Aranda et al., 2011;) s
490 Frer 500l ez o,lac (Kumoro et al., 2012
45 o b g 0,5 Sonda yUlo aBB3 Ve Due 4y g Al o
o bbb S8 B, L) Ve Ced 4y (b
w3 5 Sy lacs L (Hutkins, 2006) o il L) sl
S5 5T a5 (5 5b 4y Wings SLiSailas 5 5 o0
SO Olge 4 cilo 1B lag iSh o yiws )0 e (gl
25 3 i 4 (el 5 A o35 L oIS s
10 3 S A enilendl W8 oy e a5 0l aid S L
o, [0 5l yiaS a4y ISl oiledl 5 soz>l (S39 Seoyo
g 03y (0> (559
st oo 950 58 49 25

sbdigel (25, @b aie Sl glalold o
Jlojgsin Goeta Bl b ek Ul 0ad peS
2o B ol ce s 5 0g olal colo 5 Ll
Gl lbdiges 5ol a8 )3 i o aaBo Ve Sow 4 ardo
W8 pdy JUel aelx slge ST PH (S aspnsl rens
Ogeol it 25l 5l S A sl ol eslazl Jgibl g S
b o 95 000 JUse /) oads o jlalinl Joloe b
Soge ar @bl s ol celid B8 e ) oolana
PH 5l ool L laaiges PH o ol Sl a laie
A (6 S 031l (L gs <L £ Joe Metrohm) e
cole Atago) yiegnS 3, L pdy JUsul el slge wsyo
S5 03l Sl S gl g B3 (g, b SS9 g (e
.(Dubois et al., 1956) o5
(oo g UL Jg61 (ol 5o (mnnd

zoe gl )3 Jolore (Joilil (6505 o3l jolare
sols ylid dae .o sols 18 T ygy0 giw IS 5 4y,
Jsbl (5,90 e -0 (g lo  blooly zw JSUI lavgs ouls
Jbl e bl (Cel 3 2dlp 5) Sl apl

' Sacharomyces cerevisiea



0£-20 Lo/ VE+Y [ oyl g sl / YO/ oylowi [ YV s/ lie pylio cwiige Olidsd

aS ol oals (5,155 Al (guig, S oo SUgb Sail leasl)y alS 4y yovie ojlac cdale yiuli8l ases jo

the) s pledily slp o3l loj (e (2les (slalad, A pliiore sl agh @i b ogd oo pess

3,15 8929 et sla Jokw g0 lac adol clale 5 (Ses Bai et al., 2008; Arroyo-Lopez et al., 2009; )
(Borzani et al., 1993) s oyl callas (Attri, 2009; Kumoro et al., 2012

1) yao S OLA)' o)l.@.c i Cdale aS” sls uL*'-’ i Sred

100 -
80 -
60 -
40

20 -

) o ok
fermentation yield (%)

0 T T T T 1
0 10 20 30 40 50

Ol il slo y2 o slas Chle

Estamaran date syrup concentration

cgmadan a3 Yo 3 Joill adgi im0 boys o ylas clale J1-Y UG
Figure 1- Effect of date syrup concentration on ethanol production in 30 C.

a3 e glod 3 peddd yloj g pedke CAALE I AU ylgis 4 oyl poxinw] Sloyd ((F59) ey V0 8 laas I Jpilil Wdgi =Y Jgua
s

Table 1- Ethanol production using Estamaran date syrup 15% (W) as a function of yeast concentration and
fermentation time in 30 C.

I o il (o7l 530, sl bale
Gl 1p ) Ethanol concentration (%) (W/V)
Yeast (Celo) posd Glej
concentration Fermentation time (h)
(9/L)
24 48 72 96
5 4.26 5.56 5.82 6.47
10 5.26 5.61 6.13 6.75
15 5.98 6.18 6.50 6.78
20 6.19 6.48 6.36 6.44
30 5.38 6.22 6.16 6.25
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Abstract

Vinegar has long been used worldwide as a basic seasoning that can be produced from different materials.
Many reports have focused on the antioxidant activity of vinegar and its use to lose fat and weight. It is also
one of the superior food additives as it contains different nutrients such as carbohydrates, amino acids,
peptides, vitamins and minerals. To produce vinegar of higher yield, substrates with suitable amounts of
sugar should be transformed to ethanol in optimum situation, then acetic acid should be produced from
alcohol using suitable aerobic microtrganisms. In this project, Estamaran dates due to their high amount of
sugar were transformed into vinegar in two stages. During the first stage, anaerobic fermentation of different
concentrations of date sugars (10, 20, 30, 40 and 50%) to ethanol was carried out using different
concentrations of Saccharomyces cerevisiae (5, 10, 15, 20 and 30 g/L) and ethanol concentrations were
measured in 24, 48, 72 and 96 h), then, the aerobic conversion of ethanol to acetic acid was accomplished by
Acetobacters in 30 C for 21 days. Data analysis was carried out using SPSS and graphs were represented by
Excel. The results showed that 4.3 liters of ethanol with a purity of nearly 48% (v/w) were produced during
96 h from one kilogram of date fruit. In the acetic acid fermentation stage, 4 liters of acetic acid with a purity
of 6.62% (v/w) and fermentation yield of 90.5% after 12-14 days were collected.

Keywords: dates, vinegar, alcohol, fermentation.
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