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Extended Abstract
Background: The lack of vitamins and minerals, which are lost due to processing, in poultry feed
is an important challenge for poultry breeding experts. These nutrients and bioactive substances
must be preserved in the feed. Protection of nutrients and vitamins in nano form is one of the most
effective ways for health and prevention of diseases in poultry. Folic acid (vitamin B9) is a
cofactor of many enzymes, and improper storage conditions or heat from cooking is a factor of
its destruction. Due to its antioxidant properties, folic acid oxidizes quickly and has a short shelf
life. However, folic acid fortification is the most efficient means of increasing dietary folate intake
due to the low intake of folate-rich foods and the excessive loss of folate during processing.
Therefore, it is very important to protect this vitamin in the diet. Existing methods to protect
nutrients or active ingredients include microencapsulation, spray drying, extrusion encapsulation,
fluidized bed coating, conjugation, nanoliposome, and hydrogel encapsulation. Nowadays, the
increasing growth of new technologies (nanotechnology) as one of the important sciences in this
era, has entered all dimensions and fields of animal, plant, and environmental life and has opened
new horizons on the edge of natural sciences. All the physicochemical properties of the material
change by changing particle size from micrometer to nanometer (one billionth of a meter) due to
the increase in the surface-to-volume ratio. One of the most important methods available to
preserve nutrients is the nanoliposome method. Nanoliposomes can usually range from tens of
nanometers to several microns. Therefore, this research aimed to investigate the effect of folic
acid nanoliposome and folic acid on blood biochemical metabolites and microbial population in
the ileum of Ras 308 male broiler chickens.
Methods: This study was conducted as a 2 x 2 factorial experiment in a completely randomized
design with 250 one-day-old broiler chicks in five treatments with five replicates and 10
observations per replicate. The treatments were a control diet, a folic acid-free diet supplemented
with folic acid (4 mg/L of water) in non-nano form, a folic acid-fre diet supplemented with folic
acid (4 mg/L of water) in nano form, a control diet supplemented with folic acid (4 mg/L of water)
in non-nano form, and a control diet supplemented with folic acid (4 mg/L of water) in nano form.
Carcass characteristics, malondialdehyde (MDA) concentration, and bird performance were
periodically evaluated during the experiment.
Results: Folic acid and nanoliposome folic acid did not significantly affect feed intake, weight
gain, and feed conversion ratio (FCR) in the initial period. However, weight gain significantly
influenced the interaction effects of folic acid and nanoliposome folic acid compared to the
control diet. The addition of folic acid during the growth period significantly increased the weight
of broiler chickens (p < 0.05), with a greater increase in folic acid nanoliposome treatment than
in the other treatments. The interaction effects of folic acid and folic acid nanoliposome in the
growing and finishing periods were significant on feed intake, weight gain, and FCR (p < 0.05).
In the growing and final periods, feed intake, weight gain, and FCR increased significantly in the
folic acid-free control diet in water (4 mg/L) in the folic acid nanoliposome form compared to the
other treatments (p < 0.05). The lowest feed intake, weight gain, and FCR were measured in the
control treatment in the growth and final periods compare d to the other treatments. Breast weight
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increased significantly in the control diet treatment with folic acid in water (4 mg/L) in the folic
acid nanoliposome form (p < 0.05). The effect of folic acid was significant on some biochemical
parameters, such as protein, albumin, and globulin, compared to the control treatment (p < 0.05).
However, nano folic acid significantly increased protein, albumin, globulin, and uric acid
(p < 0.05). Therefore, the highest significant amounts of total serum protein, albumin, and
globulin belonged to the control diet treatment with the nano form folic acid in water (4
mg/L) (p < 0.05). Cholesterol and glucose concentrations significantly affected the
interaction effects of folic acid and folic acid nanoliposome compared to the control diet.
Abdominal fat and triglyceride decreased significantly in the control diet treatment with folic
acid in water (4 mg/L) in the folic acid nanoliposome form (p <0.05). However, the
highest  percentage  of abdominal fat and triglycerides were observed in the control
treatment. Although normal folic acid and folic acid nanoliposome and their interactions did
not significantly influence MDA concentration,, folic acid nanoliposome positively affected
the average MDA concentration. Normal folic acid and folic acid nanoliposomes did not
significantly affect the microbial population of the ileum. Conclusion: The results of this
study showed that encapsulating folic acid in the growth and final periods improved
performance, increased breast weight, and decreased abdominal fat.
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1-Dicalcium phosphate used has 20% calcium and 18% phosphorus. 2-Calcium carbonate has 37% calcium. 3- For each kilogram of diet, vitamin supplements were provided:
vitamin A, 11000 international units: vitamin D3, 2400 international units: vitamin K, 3 mg: vitamin E, 22 mg: thiamine, 2.5 mg: riboflavin, 6 mg: choline 1600 mg: B12, 0.015
mg: folic acid 4 mg: biotin 0.25 mg: folic acid 4 mg. 4- Mineral supplements were provided per kilogram of ration: manganese, 120 mg: zinc, 110 mg: iron, 20 mg: copper, 6 mg:

selenium, 0.3 mg: iodine, 1.2 mg.

0dd w5 p)S Jo ¥ g VB SJgd il (gols (sloo s
23,5 sanlie sl STygs B pan 15 gyl xe Lol 381 K29
JoSe (Gouda et al., 2022) ) Kon g 1555 wladss )
e gy YO oty Sgb el p)S9lS 0 )5 oo V/0
&5 5 Shed Srae (o ads) 0y (ke gy oI
(Tercic et al., 2014) ,Sen 5 Tercic .ué  aws 43,
soub &lljg) By (Sle & 2535 oanliin g3 g}y )
4 Sgd Al pSolS S e TV &5 29 VL Sloj
b s o) calhas adlas ol gl b oS s ablal S5
Sloen (Zhang et al., 2020) -, Sen § KI5 slaasdly
u9)l55 (Rezaei et al., 2011) ,Ken 5 ols, )l
Vo Oygody g8l 09,5 10 STygd Bune a5 Lol
oo 9> 5 ol 4k 13 5o, TV ety O o) 13 25 Lo
2o <92 WY 3o 5l (g 2985 Jloigiae lasbge 0y 5>
A5 b gge > Shsd 5 Ol Bpas il el 6 sxe
as’ 10)S" j5)l55 (Bohan et al., 2006) -, Kan ¢ g
Boso | ool (S STy s a3l 1 S5 2l 5
Jac! ] 5 b5 G5 5 i oy s (sinlS
hlkasl 5 smd o alS |y s S5 (gl 9 0ld
(Geary et al., 2004) Ko 5 (5 LS 0 S0
5 Lesl 59y S 9 ond lapigesgn &5 ol 1S
kol slrosisS lals Glyisas g s 5o Shss B pan
90 sVl lodin S| Bpae gilal S
28 S 25 plgisds (S (190)98 (ivred Miud 428
Mg el odae (oS g0 038 glasho g Casl 15) (9092
Sl g @ 0D (i g e pslezdl wto ol
o o5V Bgea 3 |y g5 e 5 4 Canl 30t (190 )90

e 9 gl
Gupd g Shed Bpae (b 0jg 4 barpe soasl
s caliseo Tobaw b onds Ll sldrg o olie bas
bgus jobody 0> S5t (g 5 b Sl5b dpsl (B peae
oy 5l g8 dpwl Blo sl ous 1)1 Y ojloss Jodo pd
Spae p )b 16 JS 9 SbL 5 cnlel laeygs 5
DlS Cumw (5510 Gxe yobods by 093 10 Lol el STyes
JSs dilize gobaw b L(p<0.05) 1 Slygs b yan
03] 0y93 3 oz g S1yss B rme yy S5b el (e
P Sded sl ¢l Bpae oS Jb > a8 ()b pme
OB e ()13 gme y5bod 0)93 S 5 (L edd) (slvog
Jlie Il (p<0.05) s ladsgs > Slygs Cruas
0)93 ) Spae Shgs n s jlag 5 S dpl By
o g blize Slpl cpl &S Jb jd s o) gxe opjle]
Brae Shes 309> IS 5 (bl B slroygs > ali
$U S SIg8 gl (aily53 & g pgbods 5 (61 e
el oygd )3 lnas gy 1 Sligd GByne yialS o
(2 3 o5k ¥) o > S sl olymney sl o
Bpae p gy gme w3U Wby 0)9d 1 b pe Sy
Sus b‘/w.bdg Sl 0y puisren .(p<0.05) Cusly J1)9'>
9 48) 0)93 ) b JSBay (1l )3 o )5 e ¥) F )3 Sgb
(p<0.05) cusls Slyss Cbpme y1 (ydsine b L
(Madadi zadeh et al.,, 2017) ,\Ken o odljsos0
el oy93 )3 Slyed b pan 13 Sgd dul 48 150l i )l;5
Lo oladrge 2y o) 0 Jy s (580 g



u;l)l; dgeo g L;‘).u).u LS')LAJI o) ‘uaLo) Jpake ‘J)ﬁw.\olgy\‘oom‘é).ero w.@l)_v‘

va

VEY Y ojlouds /o233l Jlo (ools Slides sla yings

(Rezaeietal., 2011) ,Sen 5 oloy 09 yudy (8L
Golite 5y (halBl g sl lap sl o oy ()5S
N Jain] s & 1y g LblEl ol Yieas) 5 cad
Fowr Sgplie sl pane > Jite 09)5 Jol> S g
Cupd Slalllae ol wilo el (B )3 (aSgn Sy
Sl 5,158 (Tapiero et al., 2011) 1) Ken 5 5,6 0
5 woy DNA i sy be¥od b Sgd sl oS
o Ggrdlile 5 (ASHS 9 Fgn 0hgdr (grMite
255 Jold Sojglon slasil b (sl ofgr cotiumgen
A Sl oo g Rliose Wl (Joke @
as” woly iyl58 (House et al., 2002) | )\Kon 5 (wgla
83); ©Y58 Cgwy Slgioe (e (Sloop )> Sy ]
Gl Jl ol b oans (il e g BB Gliseds ]) & pops
9 phelsl Qe oy )3 Ssb sl 4y o5 Y
21 (oo p )3 £ 0p5S OV pobaw S o g5k
Wb el 2SS o pyS e ¥ Loy S gh sl

MR8 sless 3 o (njlelo)9n 53 (2lie fas cu s
s dal o el 0)93 )3 (Y oyl Joa) €8S
Span g bl g)lsine wb le s oy
Wb 2lE Jas cops I caw S8 al 5l
el Sdgd dpul $U (bl g 48 (sbroyes 3 &S g y5bay
(p<0.05) wis olie bas cops jd (g)b e ials
olyoddy wald oy Jloss ¢ SbL 5 48y slooy9d )3 (yionen
» b JSaa (1) pS ke ) ol > Ssh sl
Sbsine yobar ) (GBS b cups (bS5 sbarg>
Sl ol yodndy S8l 00 Jlows pired (p<0.05) sy ials
099 2 syt JSSa (1) 0 p)S ke ¥) Sl )5 SJsh
Ay Gials gy dne jsba |y (S i oy i)
Sgb Al olyomay dald 05> o (Jloipl L (p<0.05)
Sl 9 25) 0y93 5 96 Kb (32 0 p S ke ¥) o
ool il |y ol had copo bjled gden 4 Cus
3¢5 wliass ) (Goudaetal., 2020) ) San ¢ 1555 50>
Odody Sgd ol p,56lS" 9 5 LeV/B a5 1558 osnliio
PR3 (B 50 A8 (S b o pd IR s 3, YO
{Madadi zadeh et al., 2017) . |,Ken 4 o3lj (s3%0
Slgd ol oS (39381 J3 (SbL 0)93 )3 &5 0,8 5)1S
Oig oRIBl Shgs Bpas g9y 2 @b Sl s 9
5 Sosin eonlp oMo ety ol Jas cuys g Al
as b iyl8 50 (Pertiwi et al., 2022) l,Sen
o Glgie Giali8l el oy 0 Sgd aawl o958l
A8y Csp «Shygd B pan g Gl e ponS ) (elizg
Db 2138 i o po Sl g (o

Joi 2 a8Y (sl Sy (lalejl slajlow 150 gl
039 52 Solgp mol b pma JSh ale il ok 4l ¥
Erae Kb Jg o9 Ibgne (oS dbge (02 9 A
OB g dinw ()9 JPime B Eel S5 sl 9L
Sl 9 slas piomen D (oS dbge ()2 )l gne
Aald oy olyends p)SolS )3 p S oo ¥ jludesy S
a5 09,5 ) S | (oS dbgore (22 ()l Sie 5k

Ohler 5 (2lo) Oizmen 29 oo il (ialS el g 038
Sl p)8 Jio Ve a8 200y i)158 (Rezaei et al., 2011)
g ol el daigo 0y ) (Bypao o 1 )5 g
Oyl o g g 035 )5 SRl g ot o
Wang et ) |\ Ken 5 Slg ol i8] (g)ld pso joboay 1)
il w5 LS wls & 15,5 3)l5(al., 2021
8l S5 Al 39008 L (il STy Bpae il L
oy 0 {Zhang etal., 2014) ) Ken 5 Kl puizcen
2SI el JoSo £S5 oo ¥ 3938 5 Y 5h 29208 55T
D92 099> IS 3 Shgd Brae p (JBS sladog> 0y
ldag )3 6y e 6586 @ (Sig) YV-TY 5 V-V
il pie 3, caillas dlie oyl b b oS cusls zseS
Zolaw 5! b Cnl ONew Glalllas (.)"I 3 04 uu)l)f s
S Sl 135 A )b b (651655 bl b i cdlizee
Liuet) o)Sen g 5 (imon A8k (dsS (sladag> 1
okl o) 3 |y s ael 3,5 L0 dal., 2019
S 0 SIS g orp S s (Sigy WVY)
&S LS odalie 15eS clads g 3 Slas 0 (o)l xe 45U
8liee pigR cnl @ls by 5

A5 0)93 )3 (bgS oz g (g I3l 2 bo)less 3L
ol yomndy 1L 0> o ol 0 G Y Joan 0 SLL 4
possslsls JSber () 15 05 o ¥) o > Sip sl
09 1 (55 sl iy LRIFl » $bxe SU
2 Sasime b (Sbh g Ay 0090 3 Iy il (el
0> slosd (p<0.05) cusls t—;w; sase 59 w\/,sl
JSbas () 3 25 o ¥) 2f 53 S gb sl ooy sals
P b sadag g GlP p )l gae A Pb et
Sisime 3B Ay 0593 )3 (g bl (bl g cnjlel 0)9
ol s (p<0.05) cusls 558 clodasn s Linljil
(Gouda et al., 2020) |, Ko 5 1555 (clnazil | dlis
Zhang etal., ) Ko o KI5 2ol b Jg )l cisllas
{Goudaetal., 2020) . ||,Ken §1555 .o Lo (2014
B33 it o & S5 sl JuSe o 525 355
sobdy 30l 09,5 & Cund |y jloss Cod (g5 slada g
Barroeta ) ., San 5 Ug b cpioad 2 il58 4ag5 LB
2 Sl Byae a5 Wby )15 (et al., 2012
el Sy pShS 2 oS5 ke 1V olises dapisalis
sieplo 258 o35 5> oeling (slyme 9 035 (0js L3S
oeling & 63,8 3,155 (Sahin et al., 2003) ) San
5 055 i Gl el S dul 5 dpul SpsS
ot (Bl oyl 3 Shsd L e 9 S1ygs S pan
5 2lo)S oyl

sladrge ojg (Sle & b (Ui Ghagh (ol @l
F) ol o g8 sl olyondy ol oy jled > bsS
Sl ol oy a2l 0y Jlosi 5 5 S (3 )3 )5 ke
o g b S0 (5 5 25 e ¥) ] > S5
Pl (5313 gme yobos (SLL 5 45 (sloeygd )3 Aall 09,5 L
2 Sgh gl olyondy 22l 0y o (g (wimen g2
S S 4 piaedlsth S (5 2 05 oo ¥) ]



L;»I)l.: dgexe g uj‘).w).\g d)La;l Couy; ‘@Lo) Yo ‘a)swlolfm‘éw MI)J‘

A S5 Sloamilp adY Sl Sy 2,Slas S sl S sl 51 duslis

opscmen (Kumar et al., 2013) aas iol5sl Ll 4lus;,3
sobr (g5 ladrgr > GV 39S )l slao
Sy @ LIl gl dbge (0 (a2g LB
Conl (Soe (1395 (Slodaga (oSb dbgomo (2 (il
Xing et ) wib b ye (ciss (sbagSl g 235 ¢y digS 4

(al., 2011
seeS ST wals sl (Li et al., 2013) ,San o
glds it BTy s 33 (yl0,b bawlgl o algl jo Y4
O 3 WS (o9 bl o )l g b Job 3 (w2 LB
S e ) Gl pj (2 cwebis Sy VY
&9‘.&5 LY QY9§ .)9?@5 9 L)Y}é L;l)b Lglmosls O
Plo e po 50 Y58 dguaS ABd o Ui &S ey (I3 gimo
» BB 5l Jole 5 Canl (Sa JiSass
4«5 (Xing etal., 2018) wil awisly basg> 3 0y Cow,

Syl Slssean dlis ) gl L

Ol > SJgd sl ol yords aali 0 s (p<0.05) sl ialS
o soga g 5 b S0 (52 3 5 o ¥)
ol yomndy Aald 0> picren 2 EalS aald 09,5 4 Caud
sber 56 JSer () pS ko ¥) o 3 SKgb 2
oy iuljal aali 09,5 4y o |y dius (59 doyd (45 sizo
5 Sk ) ol > K gl ol sy 10l o2 (p<0.05)
Bl 25 18 Gy I e 56 JSbe ()
g 0 A0S 5 lin jobay &5 ob lis Slhdsy
= L« (Tactacan et al., 2010) .ol a5l ,liKess
aS 58 BliE s Ldise (Jg 0l lsgeen dlds oy
Rl (F59) VY o 2 (S sladrgr B g 48 5
Sloen dlis u" =W b « (Wu et al,, 2019) cal
2 bgme b il slajles plo Jbopl Loyl
o claise 13 Kb duwl 4008 bl Slaws 55>
P e pedglie s olisl (0 (e Slgie oo

(p5) 1855 sz gz 3)Sos 1 S8 Sl 5 S58 sl pojodd il 3b =Y Joo>
Table 2- The effect of folic acid nanoliposome and folic acid on the performance of broiler chickens (g)
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Diet without
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0.054 0.015 0.041 0.044 0.021 0.006 0.017 0.042 0.02 0.001 0.003 SEM
0.046 0.029 0.173 0.026 0.011 0.507 0.09 0.106 0.80 0.049 0.865 p-value
155 28169° 3928 160 18181 3078.7° 138 7954°  10962° 140 1831 2539 P S
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a, b, c: Means that do not have common letters in each column have a significant difference (p<0.05).
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Table 3. Effect of folic acid nanoliposomes and folic acid on carcass characteristics (percentage of body weight) at 42

days
o] BiE oM 1S dbgme o> oh L oAl asy s
(Heart) (Gizzard) (liver) (A, Fat) oS (Thigh) (Breast) (Carcass) -
0.62 2.6 2.96 3.87 27.71 33.28 71.68 g dpol (hyls 0y
Folic acid diet
0.62 2.61 2.97 3.96 27.50 33.04 71.33 Sgd Sanol 286 0y
Diet without folic acid
0.01 0.011 0.07 0.05 0.18 0.109 0.519 SEM
037 0.65 0.129 0.062 0.154 0.537 0.434 p-value
0.62 2.61 2.98 2.532 28.68 35.552 72.27 $b g sl
Nano folic acid
0.63 2.62 2.98 2.58° 28.01 34.41° 7151 $b e Sdgd sl
Non-nano folic acid
0.003 0.003 0.001 0.33 0.029 0.097 0.055 SEM
0.614 0.964 0.891 0.001 0.872 0.001 0.453 p-value
0.62 2.6 2.96 3.67° 27.71 33.28° 71.68 Cotorol ssls
0.63 2.61 2.98 2.51° 28.21 35.962 72.59 (1) 936 Kb spmsl X 00> > Kb spnsl
Folic acid in the diet x folic acid nano (water)
0.62 2.61 2.76 2.60° 28.18 34.83° 71.66 (21) 936 pue SKI58 dusl X 0y 53 KJgh Spusl
Folic acid in diet x non-nano folic acid (water)
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0.004 0.006 0.003 0.079 0.28 0.048 0.51 SEM
0.63 0.77 0.68 0.001 0.974 0.001 0.868 p-value
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a, b, c: Means that do not have common letters in each column have a significant difference (p<0.05).

5 G pne pismed (P<0.05) Cusl 00 & punndS I3 imo
L (p<0.05) cuwl 00l SGy9l dpsl 5 (pogeglS 5 (pegdl
ol yondy L 0> slod )3 oy JS (B9 Ol (Sl
4 Cond 96 JSBay (1d 2 p)S (oo ¥) o o Sgh sl

S o S sl g S wl U 86 @l

ok ol 005 BLIY Joa> )3 (155 (olerdbsn slo el )l
sloghl (Sp oy S dl (Spae S5O il
ORl38 092815 5 nesdl (g VDL sile lardisn:
ol el g sl gL (Spae JSS Jy il



u;l)l; dgeo g L;‘).u).u LS')LAJI Couyj ‘uaLo) Jpake ‘J)ﬁwjolgw‘é).ero w.@l)_v‘

AY S5 Sloamilp adY Sl Sy 2,Slas S sl S sl 51 duslis

dlis ol cboasl L o (Liu et al., 2018) s i3l
S cdllao

as 00,8 5,158 (Jing et al., 2014) ) San 5 Si>
Py Sgl Al 9 S aw (lgx NS5 sbagpe )
B ddw SJgd Swol Sob> oo b OKJJ)?.- 65@‘.0)
S Bl Sl (e IS 055 sag e 53 Lol il ialS
9 Ol S sbagye glite Sy samdolis oyl
Gursuetal., ) o ,\Kon g guysS -l g8 Sl &y pano
Sy 0 50 paw S5 Lials S waly i,l55 (2004
ol 015 )35 S5 sl JaSo b (5 (il 41355
&S 58 5,158 (Setola et al., 2004) -, Son 5 Vg
Sl Sid eaimd il Cuol Sen S5 snias ials il
S plnpslS 2251 sl 55 @by Gl 5 SJsb
sobds dmd o (Bl (g5 S oIS cale Sgb dul Lo
@ Comlas @bl (Jy Cans aside (g 5 g
Sl dnsl By el Caol (SKee Y58 4yl gul
Sonts 1 |y Sgb duol e L2 o plool i iS]
Slyles adS piomen S e aol el 4 Cuoglie
5 sind «Soygl sl (3o 2 68U e cal 5 (stale]
(Jing et al., 2014) |,\Ken 5 Sz A2l p s paandlS
S5 sl £ SAS )3 05 o ¥ 3958 oS 038 A5
P b re 15U o g e HiKeSS sl e (g0
Ol gasl L oS s ssalie pyw jhud g epuls gaw
b Slgzen dlds

D oylad Jsia > asillenpglle clale yy bajlas gbs
Sl ol oy Aalis 0y 13U .l 0 &) bgus joboas
sals oy 5 5 JSia (33 3 p)S ke ) Ol o Ssh
2 IS (3 53 S ko ¥) T 53 s el ol sont
A6l gglle chale (1o bl e Sl 3l g o
20 Ssd sl ol jorndy ol 0 43 Jg bl ()l gme
spdllsggle clale gl JSSay (2 0 pS ke ¥)
on)lS (Wu et al., 2019) -, Kan 4 49 8l 38
Bl )90 Swgss ) S5l oS 3l a5 20l
» Wl clale » g)bbre il caw
clale 0)95 (bl ) (Jy b 0jgy S (bsS (sladg>
Cull S sladsgs ) (g bxe ;3 aSWl g yglle
Oyl Slgzen dllie pl zls b oS

ulasllas jo (Sahin et al., 2003) ,Sen 5 bl
ey SappgSal 5 Silp el JaSo il 1l i
lo)S 5 ot (b5 slban g )3 ep s 25l gllo
E o SapgSnl slagmely clale & Jb > cdly Jials
by (sl JoSa Bma s SIgh a5 BI2 (yualig A
ol gl b &S el Ll Ll oy (Kgb dl o o
cos Giagyy o <Sul e wld o) Jlyen dlis
ool 03 plsl (1355 slhargr 55y (2le)S LIS

(Pp<0.05) cusly ulfl (oysiine yobay bjlas ple
Wals oy sl )3 (gglS g ppw (egdl Sl (izen
S S5 (2 59 pS e ¥) o )3 g sl ol poney
(p<0.05) 59 yud ()l dne yoboty ajlas plos &
9 Oweodl e IS (0S9 0 s)bisne Oliwe VL cnlpli
2 Ssh sl olyeney ald oyl @ bgye dsislS
(PR0.05) 55 56 JSia (1 » pScke ¥) o
OolS g el p iy JS (g0 ile (S93 scdlie
S ypody 4 Salod dul 5 SapysSnl dol JoSo 39381 |
Sl (Rl (63 dne yobods 2,die jgody 4> g (oS 5
> g2 (59) ;N> (i > (Gouda et al., 2020)
2 oesdl 9 lgglS (JS B n (e & 2035 onlie
ly 58 IS 0 Sl sl JoSio b s b Lol
L Baios oyl @l ((EI-Demerdash et al., 2006) ¢!
Sloen (Gouda et al., 2020) ) San g 1555 slaasdly
ulS (Tactacan et al., 2011) )\ Ken g LS .55l
9555 9 sl (S s Ll Y 31 Sy a8
Olpieds iy madplie @dal 55 S9d sl (18 pyuo 5
e opl y0gMe ] (1) ST pudgilio )3 o odimd
SiEa3s Glege 3 S deul p S 5 pS ke £

[(Baietal., 2021) 55 uJg5 (slosss & (slag yopsd
ol s b «(Barroetaetal., 2012) |)Ken g Ul
Sagye > Se3 Slppme A3 sl Sg8 Al & 23S
gy 4 e (olly (pl 9meS g sl Sl 390 S 055
Sl olyomdy sald opn Hlo 50 Db o megd] Ligure
e o JSoa (1 pSke ) O 5 S
Ol (o)l gime yoby bayles Ko & o 1y S 6 5
HDL JgyilS 5515 330 Jlo il b (p<0.05) cusls
b size M) (aliee (glbylass oy > VLDL [LDL
2 Sgd Sl ol yamndy 0ol 0> Jlowd )0 (Jg i osaliie
sl 5 5595 cliee 515 JStas (32 55 .5 oo ¥) o
b ingh ;0 b edalie il VLDL 4 ialS
Py 59]4.» Ly J.b)f odalin ul.o.oyu O;U;
Lol 392 208" Sg sl 09,5 3 U Jg pasdS 9 4 pondlS 6 5
2 Jcpl bo(Liuetal, 2019) 55 sV pogll clale
o)l (Liu et al., 2018) ) San g 5 50> (i
PSS 2 e S eI VIB 539381 b gy Jgyals & ol
8l il Sl Job 3 gl oy 4 S5 Sl
8l G SIS Sk Ve s B g 3 g
Slgiee Sg8 a1 )3 )5 e VO (139381 (e
Sboy ey (alf i8S ladsbe 3 1) (22 oo,
IS b gz i ool Snn o 3310 b (lid
35 3 o g el g 93905 fgo |y (VLDL) o5 s
soods Blgi oo by (B 0y )> Sgd sl b 9
I, VLDL d‘?b'-" 5 «yaals I L yodS (657 asuiie



‘_;J‘)l) dgexe g L;I)M:)u LS)L\AJ‘ Couy) idu) Jpaie <.))_é‘_;o]él§ Joro ‘ug).p(ﬁ w.:_m‘)nl
AY VEY Y ojlouds /o233l Jlo (ools Slides sla yings

(s [ 5 o) S5y ¥V 3 055 alimsbon sl jial)y (30 ey S5h sl 5 Sgb el 156 —F Jpa
Table 4. The effect of folic acid nanoliposome and folic acid on the concentration of blood biochemical parameters in

42 days (mg/dL)

Sogl el el ol oSn L LDL HDL s Ty Jsyuls o

U P Ca Glo Alb Pro TRIG G Cho
5.2 5.58 8.38 1.38 1.30° 1.992 13.86 79.36 35.4 84.76 236.2 139.8 S5 Jﬁ”f' "{" o
Folic acid diet
5.7 5.68 8.93 1.78 1.54° 2.89° 14.14 75.18 345 69.8 225.2 127.6 i "g_‘"J’B 2 '\_m i
Diet without folic acid
0.58 0.421 0.57 0.17 0.128 0.128 1.09 3.88 1.93 541 2.86 4.38 SEM
0.405 0.741  0.459 0.091 0.031 0.003 0.854 0.611 0.778 0.078 0.14 0.123 p-value
6.20° 5.86 8.99 2.66° 1.76° 3.35° 17.41° 739 321 482 217.8 116.5 o J‘Jf '\‘f"‘
Nano folic acid
5.102 5.35 8.82 1.482 1.412 2.38% 13.272 71.31 36.2 83.5° 224.2 126.6 o 6’?'95 J‘“_“‘
Non-nano folic acid
0.27 0.256 0.73 0.26 0.037 0.12 1.14 3.31 2.04 2.237 2.37 4.86 SEM
0.026  0.090 0.831 0.002 0.001 0.000 0.010 0.668 0.621 0.000 0.111 0.135 p-value
5.2 5.58 8.38 1.38% 1.30% 1.99% 1.86% 79.36 354 84.76¢ 2362° 128.6" (Cotorol) aals
$U Sgh dlx 0302 53 Sgh sl
6.20 5.88 8.74 3.06° 1.820 3.54¢ 19.75° 72.64° 31.8 39.8% 2132 110.8% (<)
Folic acid in the diet x folic
acid nano (water)
2 S sl X oy ) S5 sl
5.10 5.18 9.02 1.482 1.442 2.142 13.312 67.322 35.81 83.6° 220° 120.22 (<) $b
Folic acid in diet x non-nano
folic acid (water)
SJgd sl X 03z )3 SJgd Al 181
6.20 5.84 9.24 2.26° 1.7° 3.16° 15.06° 75.16° 324 56.2° 222.1% 122.1# () g
No folic acid in the diet x folic
acid nano (water)
SJgd sl X 03z )3 SJgd sl 81
5.20 5.52 8.62 1.48% 1.382 2.62° 13.23° 75.12¢ 36.60 83.4° 227" 1332 () 9t 2e
No folic acid in the diet x non-
nano folic acid (water)
0.931 0.860 1.021 0.115 0.231 0.021 5.811 3.991 1.851 4.330 3.811 6.991 SEM
0.276 0.435 0.942 0.001 0.001 0.011 0.007 0.001 0.678 0.001 0.035 0.018 p-value

Skl (1:ke (sllas SEM .(P<O/05) siisl so (5 I sime glds (611> Aistuns S o gy (gl 5w jo 45 &S la,Sile iC <D <@
a, b, c: Means that do not have common letters in each column have a significant difference (p<0.05).
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Table 5. The effect of folic acid nanoliposome and folic acid on the average concentration of malondialdehyde in 42

days (mg/dL)
s (Treatments) L s
Malondialdehyde

2.04 (Folic acid diet) KJgs sl (sl)l> 0>

1.86 (Diet without folic acid) SJss sl 8 o,
0.7956 (SEM) 5kl (ks (sllas
0.582 p-value

1.58 (Nano folic acid) sl g8 sl

191 (Non-nano folic acid) g, KJg8 sl
0.0997 (SEM) 5,lstil (ks (sllas
0.077 p-value

2.04 (Cotorol) sals

1.46 (Folic acid in the diet x folic acid nano (water)) (1) gl Sgb suul X 0> 53 SKJgb Sonsl

1.80 (Folic acid in diet x non-nano folic acid (water)) (1) gl yé SJgd dol X 0,3 13 g Aol

1.70 (No folic acid in the diet x folic acid nano (water)) (f) gl SJgs dol X 0> 1> SJgb dunol 236

2.02 (No folic acid in the diet x non-nano folic acid (water)) (1) b e SKJsd dol X 0y )5 Sgh 1l 31
0.1438 (SEM) 35kl :Sikio (sllas-
0.207 p-value

(P<0/05) sl g0 ()5 sime gl (gl )l Mt S yitio Bgy> gl (gt o 3 &S Lo Sl :C D @
a, b, c: Means that do not have common letters in each column have a significant difference (p<0.05).
3kl (pSke (slas :SEM
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Table 6. The effect of folic acid nanoliposome and folic acid on the intestinal microbial population of the ileum in 42

days (log10cfu/g)
o8 S ilor oSl IS ookl (Treatments) bs )los
Coli form Total aerobic bacteria Lactobacillus
Sgs sl 4l
6.4568 52216 4.0411 w9 el D e
Folic acid diet
5 1l 33l

5.8656 5.4285 4.4110 SR e
Diet without folic acid

0.4982 0.1550 0.3506 SEM
0.116 0.419 0.343 p-value
3L g8 sl

5.9868 52057 4.8508 FOES e
Nano folic acid

- "

5.9628 5.4071 4.2059 P e Sdoh o
Non-nano folic acid

0.1965 0.1677 0.1256 SEM
0.515 0.491 0.079 p-value
anls

6.4568 5.2216 4.041

Cotorol

) 9 S8 dpl X o SJgd apwl

6.2068 5.0861 49216 (D S e > S
Folic acid in the diet x folic acid nano (water)

) gl e Sdgd Al X 6 SJgd apwl

5.9612 5.2826 4.3698 () 56 s Sdgh sl 2 S5t
Folic acid in diet x non-nano folic acid (water)

i) ot R . 5 sl 136

5.7668 5.3254 47118 (1) 56 Sl gl 0 3 S 2l 505
No folic acid in the diet x folic acid nano (water)

) gl s Sdgd Al X 0 SJg8 sl 2316

5.9644 55316 40421 ) Sl 2 S 2
No folic acid in the diet x non-nano folic acid (water)

0.059 0.799 0.163 3kl (1:Ske gls SEM
0.515 0.491 0.079 p-value

(P<O/05) aisb go (5 5 sime 915 (g1l Ainss S itio Bgy> gls (ot o 3 &S Lo Silo:C b @
a, b, c: Means that do not have common letters in each column have a significant difference (p<0.05).
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