LAl 5o g sdiboln

a5 e 0)5 R Voo :‘5)325.5 ‘_.;AJL.»)

Ko Jons 55253 51 o 1z LIS oS ad gy S Yokmsl (slg 5551 5,50 5
o s 9 bguw s 30 LT (o) 1 9 CeleS Lrnxn (53w
oaiadm JUEml plgie a4y a8 el Ly it a5 ez delacnl S (L) sl Sy grgiellals
] by 5 05T e (g5b i laliny cmas (35 e pas 50 (coge 00Tl (omac
ol alex 5l e Su3glen 8 Sl uaizr LIS oS5 (nl 0gdm oo i PlenS 92,55 Sl Sealigls
solde adgi 4y ol e Sl g a6 iSTL 51 golawd a0 S0yl g olomm o Hleyo e e L
@ aS 5,5 o Lal SeSVarul slams mSU 4 g co g 5Lyl aiiln o L g g LB
o)y aS wiil oo reul Glam6 iSL sy 1y 5 Gl ol solatul olde Slge Cars jo 00T jeb
Mgz Jue a0 5l oo Tz SVl lam STl solast (ilemange 5 80,2 gy
Ply> son i ol Jsl i 5l Ba ol bl e Cupd 5 g 2l 50 il pwyn s LS
Lactobacillus fermentum CaSY awl 6,550z (Sbgmm ! Cwoglin g (Sdgugym
(HMO027642). Lactobacillus  kunkeei (GQ451631). Naser-1 (GQ451633) Lactobacillus
sp. Makhdzir . Lactobacillus sp. Taj Naser-1 (GQ451611) . Lactobacillus pentosus
codel Cowds ol b Bllas .ol 004y Juus j9u35 0dre 4 9250 Juwe 5l ool algipl ((HM027640
4 Cuglie copul 4y Sunglie LBl 5l psllae (SeSgmgn Cuvols lls oud Ayl Sl ySL (ooles
o5s) Jidgyed «Sidgen Collad pae (G 5 «Cmm) 0020 05 4 Cnglia (59l o slaSs
Selgh Cobld (Baio g0 (o )0 bl 5 555 0e STy (g T Caglie pas 5 disy,
50 SwbglSawl 95 L ul pH jo mle MRS ciS lass ;0,55 30 lee wSL lawgs LIS
aS ol lis mls g 85 18 bl 0,50 HPLC ol bwgs celn 72 Sow 4 (Vae Lo
0/6290) LS odg oUlss o 5YL  (Lactobacillus sp. Makhdzir Naser-1 (GQ451633 ¢ 5SL
Lo PH Olyss uizren LB 0dgi g ol ) St 3aiod pom i3 )0 0l (L |) (Yoo oo
celo aw 2 C37?7 les ;0 95 Wl PH L Vao Lo 50 SoliglS asl (g9l> ale MRS oS
yogidg Sl 5l eolaw! L OD=600 nm 5 abs, Olpass Jlade 5 ol plosl el 72 oo 4 )L SO
Wy i o s 50,5 (6.5 o3l pH Ol pess riores HPLC oSiis lawg LIS adgi jlais 4
o 486 5 el 5T 5l asm Voo Lo 0/453 el 18 5l an 1/86 5l wisle iy & pH 4 LIS
Fatad b ool Son add aiage Ll 45 bl Sl g ez i o o ol el 42
S lapome slod « SliglS ol jlade Jolis L adgi jlade p fge soulS slo,giSl oy oglie
2ol Alg 55l e Sl w6, B siad ) ailSlaz ek 4 (5 354k 5 (yloj e g 4dsl pH
400 clale b SaligSaul a5 olom o lis bl 0gd asin s b o LE oder lade
LB jlade aiing 5 09 adei g alyd cell 60 o 4 C 37?7 sles pH = 5 ¢ Vo Lo



LAl 5o g sdiboln

s iou 50 09 Ve Lo 0/574 0/563 (0/576 /1T 55 4 1958 o cwyp 0 oo
3l eolaw! b (Lactobacillus sp. Makhdzir Naser-1 (GQ451633 (5,51 lawgs LS oy Loyl 5
seke 4 (655 50 S e b bzl e i) Jawss PH g SealiglS ol oo (yloj Jius ;9156
a5 ol Lt b 5 w8 ohb Hla 30 0k g lumaiag 48,5 54 LS ke oy yiden 0l
G Yoo Juo 0/87 cogaome 1o gadgy LB Jlade jadd > jo a8, |15 4 Galides Loyl a4y aty
2o s bl ez e Shas ol las il ly Jelos 5 a5e8 @bl g e Yo (L 413
Jsie s pH = 5/26 5 37/11 2 Lo ol aigy alaisi .(p < 0/05) 54 ,lom sime cods LS oo
413 layls oz 0 gadss L jlade aS 0g aales celn 53 le; 5 506/99 bl o]
Sedgul 8 Sordss ade jslate 4y ool Cews @ angy Lalpd wdld 150 (9 0g walss Yee L
Glg SLE e b 6% Shgw il 5 Jlond a5 Ol gy e CapD g bige el 0 (ST
g Zullo (p?0/05( g ls s WS Lgw ol (g3l s les L (g,lel Hlas 51 aS 55 (MM855/3)
3145 052 (MMO9D/3) 0oy 12 Cle |y Juue s (s> Josd & 3l US a5 ¢l5m 08 il
Sial3l b oS ol i oyl gl .cls (p20105( oyls sime ST b ylass plos b coylol ks
IRl alie lamdiges (S 2pds Oliee bgw el cdile Gl 20l 5 Juue 2o cdale ol
do3 12 ot Sy gl & Bl 055 2in 5 gl 9, 59 IS ey el 5Vl o5 ok L
&1 (e DS (6 5lel L 5l a8 09 9o 10 12 hgun pud digad 4 laie o pdy sliel p 5 b g
biao)d 12 Joue Cupd (Sigmgn wiodguld (Sondsl (IS ek 4 autals [$0a85 L (p?0/05(
S5l gy Slewd Olsie 4 Log cfu/ml 437/8 s ,Ses Camoz 5 LIS Ysem Lo 3/095

RV E54 BUWES I S FVS (0

oo sl lgre a4 a8 Conl usigp mé ain,S e A lannl SO (LE) sl K 1 prgialllS

] by g WS @3l GRS Ll (cras 655 0 pies )0 (ot 00T g (oras
oRlS alex 5l e S3eds 58 ST paiz LIS oS 5 cnl gt (oo i S 52,50 dl SalislS
solie adgi 44,0l LSl ¢ a6 iSTL 51 golaws a0 (S0l g Slemm o leyo e e L
a a5 5,5 o Ll SCasVarw! slame 2SL a4 g oo e xS o 5l ol oo LS g2 1B
o)y aS aiil ce reul Glam6 iSL sy 15 Gl oulls solaiul olde Slge Cans jo 00 lS jeb
Selsh ez Jes 5o 5l ool laar SGaSYarul slams S Sl golasal (gilemange 5 6,50 ,E eshy
Pls> sy Giesi ol Jsl i 5 Bae o plil Jee Capd g L et o Wil gy 5 LS
Lactobacillus fermentum <GSy awl 6,550z (Sdgm B! Cwoglin 5 (Sdgmg
(HMO027642). Lactobacillus  kunkeei (GQ451631). Naser-1 (GQ451633) Lactobacillus
sp. Makhdzir « Lactobacillus sp. Taj Naser-1 (GQ451611) « Lactobacillus pentosus
codel Cowds ol b gllas .ol 00g) s j9u55 0dre 40 9390 Juwe | ool dg il ((HM027640



LAl 5o g sdiboln

A Coglio (w4 Coglie Ll 51 Hallas  SSgmgp Cavols Glyls oals gl sloo xSL colos
Se55s] 5o pied o Sidson Colled poe (e 5 «mmmgt) om0 0505 & Cunglite cg5lrh0 slaSod
S Cohl (Behod g0 (i )0 ad il 5 555 0e Gty (g ST Caglie pas 5 wisy,
50 SebslSawl 95 L uly pH ;o e MRS i lasse ;o j6500 sl xSL buwy LS
as ols plis mls g <d,5 1,8 oLyl 0,50 HPLC oKiws vy el 72 Soe 4y Voo o
0/6290) LS adg oLlss o 3YL  (Lactobacillus sp. Makhdzir Naser-1 (GQ451633 ¢ xSL
b pH Ol izmed LIS adgh g ol ) Siiin Galiod pos Gidn 0 0l lid 1) (Vg (oo
el dw ;8 C377 glos ;0 95 plupH L Veo Lo 50 SaliolS ol (g5l> asle MRS S
iogidg xSl 3l eolazwl L OD=600 nm ;o als, Sl puss Jlade g ol plosl celn 72 Sae 4 )L S
WAy e o yides 050,58 (6.8 o5l pH &l pss cpsores HPLC oKis lawgy LS adgi jlais 4
o 4186 g el 51 3l oy Voo L 0/453 coelus 18 51 0y 1/86 31w\l oy 4y pH 4 LS
Frdad b ol Koo o ainge Ll o8 Ll Sl ez iy o 0 ol el 42
S e slod « Sl ol Hlade Jolis L adgi jlade p 5 oS sla,giSl oy oglite
2Ol A 555 o Sl @y U sl ey al8laz b 4y (6,384l 5 loj Soke 5 sl pH
400 clale L SwbglSawl a5 slom oo olid gl 0gd asin ez b o LE adg lade
LB ladie aiiinn g 09 adgs agy bl cell 60 Sowe 4 C 37? slos pH = 5 ¢ Vg Lo
s w50 09 Ve Lo 0/574 :0/563 (0/576 /1T 55 4 1958 o cwyp 0 oo
3l eolaw! b (Lactobacillus sp. Makhdzir Naser-1 (GQ451633 (¢ ,:SU lawgs LS oy oyl 5
seke 4 (655 50 S e b bzl e i) Jawss PH g SealiglS ol oo yley Jiuns ;9256
as ol plas ol g wo 5 b s 30 al gjlumang a8 )5 S04 LE Jlade o i adgs
G Yoo Juo 0/87 cogame jo gadgy LI Jlade jadd > jo a8, JI5 4 Galides Loyl a4y aty
2o D50 bl ez e Shas ol las Gl ly Jelos 5 a5e8 @bl g e Yo (Jie 413
Jlade g pH = 5/26 ¢ 37/11 ? Les Julis aige alads .(p < 0/05) 045 lom Sxe g0dgs LB lade
413 layls oz 0 gadss LS jlade aS 0g aales cele 53 leg 5 506/99 bl o]
Sedgul 8 Sordss ade jslate 4y ool Cews @ aigy Lalpd pdld 15u (9 0g walss Yee L
&g SLE e b 6% Shgw il 3 Jlond a5 0l (puy e CapD g bige el 0 (ST
g Zullo (p?0/05( g yls s WS Lgw ol (s5l> sl les L (s,lol Hlas 51 aS 55 (MM855/3)
3145 35 (MMO90I3) o9 12 Cle by Juue b 3l o & 3laite US i ol5ee 05 ol
o8 L o, el Gadss pl b .ausls (p20/05( gl pae B bbyles plo b g L] [k
IRl alie lamdiges (5 2pds Oliee bgw el cdile Gl 20l 5 Juue ol clale ol
203 12 e oy il s Blaie 055 2n 5 sl 53 00 IS iy sl o 5Vl 5k 2L,



LAl 5o g sdiboln

&1 (sre BB (55lel L5 51 a8 0gs a0 )3 12 (ligun o diged 4y 3late G2 3y SLel (5 Gl s
bigae;s 12 Jue Cupd (Sgmgn wedgul B (Sandel 5 jeb 4 autils 500 L (p?0/05¢
Al ags e lsie 4 Log cfu/ml 437/8 9,500 Cousez § LS [Yeom L 3/095

VR ES 4 RWE IR LIS O

VYYO-F- AT - YV taob bl (o yloid
VWAPNANY gl &0

e olge ($559SS - olie mlio 5 psle : mand gai,
i ymald 5 (65,5l 1ouSLSlS
ol 1857 g ol caledl s el 257 tlocaly lobiw!

Ph.D. Dissertation:

Screening Newly GABA-Producing Lactic Acid Bacteria
|solated from Honey bee and Its Optimization and
Application in soy Milk and Honey Juice

Gamma-aminobutyric acid (GABA), a four-carbon non-protein amino acid, is an inhibitory
neurotransmitter in the mammalian central nervous system. It can be abundantly found in
nature and is synthesized by glutamic acid decarboxylase. It serves several important
physiological functions, including reduction in blood pressure and treatment of insomnia
and depression. A number of bacteria and algae can produce significant amounts of GABA,
among which lactic acid bacteria are widely used in food industries considering their
nontoxicity.

In the present study, a number of lactic acid bacteria, isolated from honeybees, were
screened and optimized to produce GABA; then, they were examined in soy milk and
honey syrup. The purpose of the first phase of the study was to investigate the probiotic
characteristics and antibiotic resistance of 5 lactic acid bacteria isolated from honey in the
honeybee gut. According to the results, all the isolated bacteria had desirable probiotic
characteristics, including acid resistance, resistance to bile salts, resistance to gastric juice
(pepsin & trypsin), inhibition of hemolytic activity, and hydrolysis of L-arginine.
Furthermore, their non-resistance to antibiotics was confirmed. In the second section of the
study, the potential of GABA production by bacteria was evaluated in the MRS agar at pH
of 5 with 50 mM glucose for 72 hours. The results showed that the bacteria had the
greatest ability to produce GABA (0.6290 mM).

In the third phase of the study, synthetic growth and GABA production, as well as pH
changes in the MRS agar containing 50 mM glutamic acid (pH, 5; temperature, 37°), were
performed every 3 hours for 72 hours. The growth rates were measured at OD= 600 nm by
a spectrophotometer, GABA production was evaluated via high-performance liquid
chromatography (HPLC), and pH changes were determined by a pH meter. The highest



growth rate, GABA production, and pH were 1.86 after 18 hours, 0.453 mM after 51
hours, and 4.86 after 42 hours, respectively.

In the fourth phase, as the optimal conditions for fermentation of microorganisms were
different, the key factors affecting the amount of GABA production, including the level of
glutamic acid, ambient temperature, initial pH, and duration of incubation, were
investigated independently to determine the changing range of each factor and its effect on
GABA production during fermentation. The 400 mM glutamic acid at pH of 5 and
temperature of 37°C for 60 hours was optimal. Moreover, the maximum amount of the
produced GABA was 1.1, 0.576, 0.563, and 0.574 mM, respectively in each analysis.

In the fifth phase, the conditions for bacteria-producing GABA were optimized using the
independent factors of time, temperature, glutamic acid and pH using a central composite
design in order to produce the highest amount of GABA. A total of 30 treatments were
designed, and the results showed that the amount of produced GABA varied from 0.87 to
4.3 mM, depending on the conditions during fermentation. The results of variance analysis
showed that the effects of all 4 parameters on the amount of produced GABA were
significant. For 4.3 mM production of GABA, the optimal conditions are as follows:
temperature, 37.717; pH, 5.26, glutamic acid level, 506.99; duration, 53 hours.

In the sixth phase, the optimal conditions for the production of functional probiotic
beverages in soy milk and honey syrup were investigated. The best treatment included soy
milk producing 6% GABA, which was statistically significant compared to other treatments
with soy milk. The lowest production rate was reported with the honey syrup with 12%
concentration (3.090 mM), which was significantly different from other treatments.

The results of this study showed that by increasing the concentration of honey syrup and
decreasing the concentration of soy milk, the overall acceptance of similar samples
increased, as the highest total acceptance scores on the first and seventh days of production
were attributed to the 12% honey syrup sample and the lowest to 12% soy milk, which
were statistically significant. In general, the functional probiotic beverage of honey syrup
12% with 3.095 mM GABA and microbial population of 8.437 was the optimal sensory
and mental treatment.



