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Table 1: The effect of the ratio of rice bran and stickwater on drying time (min), yield (%) and proximate analysis

(%) of the prototypes*

Ratio of stickwater

t0 rice bran Drying time Yield Moisture Protein Fat Ash
1:0.42 52+600 0.89*+62.90  0.86*9.14 0.55%+18.38  0.34%433.76  0.29°t7.10
1:0.65 5°+480 0.83*+63.72  0.72°+8.91 0.26°+17.25  0.45°+32.63  0.36°+£7.82
11 5¢4+360 0.59%+67.70  0.59°+8.82 0.47°+16.45 0.82°+31.51 0.622+£8.16
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* Numbers are average of 3 replicates with standard deviation.
¢ Different letters show statistical significance in each column (p<0.05).
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Table 2: Comparison of proximate analysis and some physicochemical parameters of stickwater, rice bran and
codried stickwater with rice bran*

Parameter Stickwater Rice bran Codried stickwater with rice bran (1:1)
Moisture (%) 0.782£70.30 0.85°+11.10 0.11°+8.82
Protein (%) 0.18°+11.02 0.90°+13.24 0.55%+16.45
Fat (%) 0.15°+17.51 0.35°+16.63 0.182+£31.51
Fiber (%) - 0.78+£11.51 0.65+12.10
Ash (%) 0.15%£1.11 0.112+£9.88 0.14+8.16
pH 0.11%£6.61 0.90°+6.11 0.21°+6.06
Calcium (%) 0.02°+0.18 0.05°+1.20 0.022+1.50
Phosphorus (%) 006°+1.33 0.08°+1.50 0.012+2.29
Peroxide value (meq/kg) 0.10°+5.90 0.05°+1.56 0.082£22.07
TVB-N (mg/100g) 0.22°+15.01 - 0.232+46.20
ADIN - 0.01+0.74 0.01+0.76
NDF - 0.032+£29.14 0.04+9.84
ADF - 0.05%£16.30 0.02°+6.61
NPN (%) - - -
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* Numbers are average of 3 replicates with standard deviation.
&< Different letters show statistical significance in each row (p<0.05).

ADIN: Acid Detergent Insoluble Nitrogen, NDF: Neutral Detergent Fiber, TVB-N: Total Volatile Base Nitrogen

Acid Detergent Fiber, NPN: Non-Protein Nitrogen ADF:
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Table 3: Fatty acid profile of stickwater, rice bran and codried stickwater with rice bran (%) *

Fatty acid Stickwater Rice bran Codried stickwater with rice bran (1:1)
Myristic acid C14:0 0.122£6.94 0.03°+£0.33 0.02°+2.58
Myristoleic acid C14:1 - 0.043+0.11 0.01°+0.09
Palmitic acid C16:0 0.63°+£12.13 0.65+17.26 0.03%+23.01
Palmitoleic acid C16:1n-7 0.432£10.98 0.01°+0.20 0.14°+4.22
Margaric acid C17:0 0.03%+1.25 - 0.41+1.09
Heptadecanoic acid C17:1n-7 0.012+£0.95 - 0.01°+0.40
Stearic acid C18:0 0.2224£5.05 0.45+1.95 0.13+4.15
Oleic acid C18:1n-9 0.45°+29.09 0.262+44.17 0.32b+37.60
Vaccenic acid C18:1n-7 0.03¢t£1.51 - 0.00%+0.01
Linoleic acid C18:2n-6 0.21°4+2.11 0.652+31.42 0.13v+20.15
Linolenic acid C18:3n-3 0.24°+0.13 0.11%+1.50 0.14°+0.30
Arachidic acid C20:0 0.412+£1.39 0.03°+0.67 0.01°+0.32
Gadoleic acid C20:1n-9 0.43%+1.85 0.07°+1.62 0.01°+0.48
Eicosadienoic acid C20:2n-6 0.012£0.15 - 0.00°+0.06
Eicosatrienoic acid C20:3n-3 0.022+0.38 - 0.00°+0.08
Arachidonic acid C20:4n-6 0.012£0.28 - 0.00°+0.05
Eicosapentaenoic acid C20:5n-3 0.432£5.44 - 0.01°+2.07
Behenic acid C22:0 0.01°+0.22 0.03%£0.40 0.01°+0.15
Erucic acid C22:1n-9 0.012£0.16 - 0.00°+0.01
Docosatetraenoic acid C22:4n-6 0.012+£0.20 - 0.00°+0.01
Docosapentaenoic acid C22:5n-3 0.01b+0.59 - 0.00°+0.09
Docosahexaenoic acid C22:6n-3 0.33"+8.58 - 0.01°+3.05
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* Numbers are average of 3 replicates with standard deviation.
a¢ Different letters show statistical significance in each row (p<0.05).
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Table 4. Amino acid profile of stick water, rice bran and codried stickwater with rice bran (%)*

Amino acid Stickwater Rice bran Codried stickwater with rice bran (1:1)
Aspartic acid 0.312+8.60 0.13%+1.42 0.22b+5.58
Glutamic acid 0.242+13.40 0.13%+2.25 0.17%+6.18
Serine 0.30%+4.10 0.03°+0.78 0.12v+2.81
Histidine 0.1124+2.90 0.10°4+0.52 0.13b+1.32
Glycine 0.21%£8.52 0.03°+£0.94 0.65P+5.81
Threonine 0.032£2.21 0.12°+0.64 0.17v+1.21
Arginine 0.41%£3.82 0.33°t1.24 0.25P+2.51
Alanine 0.13%£6.30 0.12°+1.23 0.11°+4.12
Tyrosine 0.10%+1.32 0.04°+0.59 0.05"+0.76
Methionine 0.132+1.71 0.03°+0.14 0.010+0.87
Valine 0.3124+2.23 0.13°+0.89 0.32b+1.11
Phenylalanine 0.23*+1.81 0.12°4+0.95 0.11b+1.51
Isoleucine 0.102£3.80 0.21°+0.69 0.13b+2.16
Leucine 0.132£3.32 0.08°£1.47 0.09v+2.26
Lysine 0.14%£5.58 0.03°t+1.01 0.31P+4.11
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* Numbers are average of 3 replicates with standard deviation.
&¢ Different letters show statistical significance in each row (p<0.05).
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Table 5: Apparent and real metabolizable energy values
of codried stickwater with rice bran (kcal per kg)

Parameter value
Apparent metabolizable energy (AME) 4012.3
Apparent metabolizable energy corrected 3656.7

for nitrogen (AMER)
True Metabolizable Energy (TME) 4447.0

True metabolizable energy corrected for 4172.6
nitrogen (TMEn)

i 9 5o jlwgcs g JB 65l

6‘)‘5 0 6).50)|&.:‘ ).:OLo.ae 4 Jay).a C"L’”’ A J9J> 5
00l S Sl i 5 5 ol jlugcS g LB (5355

W PR WS 45‘)‘ CJJ.: 0“9'“"‘“"["



ShlKan 5 HS s

o9 (VEIEYEL YD) g oy g (LFAY -+ /YF) als
P eBan Ol 51 SV logie pob 4 b
g olay UYIFOEN +) a5 oy> 5 FV/I-EVETY)
ol Gl g9 5 5 Spo Jab 5 ole &5 g5
550 e S n (UL sl 655 589))
Syl (gl S

4 oo Sid ol 5o Zugb, olhe (V- +0) Bechtel
- f/7A Pollock als ;o ' ((sowrad) Sis Loy 59,
Sl 2o s QIAY | el by 5w yo YT
Sl o pl eSen Ol Kaagh opl oS
SYsy sole 5y 0o y3 VEIAF-YEITY 1, onisSasla s
oé; w)bf uj.oJLw C:_QsLo 6‘;» Qo )0 AY/[ Y Sg9d> g
dyame )0 b (02 Olie 95de GRagh ) Zul
S99 5 Vs ole gl woys YIORVAIFY oS
e 45 ol gpy S8 ygalles ale sl o5 VA
Sl 5 Gefign (o Cagk)) pleed OS5
w9 (n.\JLO-MH /JA[S U;QLA) 4.J9| oole &94 4 M‘9 u_:LMa
39 dJg5 6l adgl oole ylgie a4 eolaiul 550 ole aigS
.(Shaviklo, 1996) .l cale

5 el )50 Gl Cusb) (e S ciegh o
YL )l s jsbo 4y g oo, ¥IY LM oole o
(22,3 YIF) &y g (30,0 OIT) olo j04: Cugh,
a5 54y (o yd VY/F) aaSs s g (duoy0 VIF) )3 0]
G 5 | el polo oo i b gunes ol ()l
YL )l g b Slay 55 Cugh) (e 5yl
P g Olee OXEB 9% (nl09 7 5 (gaw Cush)
Jaie a5 wis,S ol 5 yliT awoys YA 1, Gl
S oo 3 YL Gyl ysb @ ol s ets
FIN) anSls @y g (a0 o VIT) 53 551 (a0 ,0 VYD)
5 (22,0 ¥7) Lgw dllonsS ol (059 5l 5 5 (203
yol> im0 lo b plie a5 045 (0o ;0 OV/Y) (2le yog,
Sl 5o e g n i pEl Baion )0 1) el
@7 Ol 5850 R 0 9 @i g 5l S
VYA Lo ool oy jo colainl 5)50 Gl jo >

! Freeze-dried

il 53 138 el b i o sla il 590 44z g L
e oLl sl (28 il <)l g 0l 4 s e
L Shes adg o e 5 6)5laS sbalews
S Sl U eRap Sllg Gl (ST sl JeSe
(Thirumalaisamy et al., 2016) 545 o polus!
GBS s 02 Jpaze 1o 0g Sl 5 (e
Sgss0 bty o] Glads (5 5 aleerd SlaS s
5 Plas op et 5l o (Zaefarian et al., 2021)
Slgs sl oad Bro 6550 e yeb 5 plo STys wdss
)L&ffs‘ ‘od.mral.o.: 4.4..)).% » W )9.’0 L aS el Jﬁm
st (Thirumalaisamy et al., 2016) sy aalss
aalg Jeame ool plad ais i iolidl a0 5 (65,
Jyaze 59 CobeS p g9dge (nl Senl Ged
o,fles (o |y 095 e Sl Wilgs oo g conl IS 31 oo
L ol pls (Beski et al., 2015) sas lis 5 o>
033l Gl g 0, S lo) e Cuesl 4 dxgl
(Clag @ @y o) ) &) S ) Jgazo s
03k (Vb g 03,5 S oley (nFeS oo Llo b
g b oad S Oy dge A9l Ol 4 g
a5 el Jpame nl p gom lagssl 5 2l @
P> i o 0 VYD Cugb, as 0 AAY (g9l
ANVE (B 8 0,0 VYV e s oy as e YO
g1 yud 200 VIV g pendS 00,0 V/0 ¢ S 0o 0
$lp S S SaS olge 5l eolawl 3,90 o Sledlbl
oo 5 odle og el als IS Gl (05 S
Sl )L g cpl gls dlaie anslie opl plo s
siegh 5l e 4 Jepl bcagd See alic
s Mahdabi 555 oo o Lol i ogems 5 ol &2 L2 e
Sty n ol SLaS 5 cwy p LV TY) Gl S0
@l yom Al Clay 5 35 EbgS 0ud g ae
Cugb) a5 5o S 5,155 (s9978 SBLS mls 5l su g3
Casby 51 YL (6l sine jsb 4 (LABNYEIAD) wluy
e Mie blie 1o g 03g (LOFOEYY) ale yop

e


https://isfj.ir/article-1-2542-fa.pdf
https://isfj.ir/article-1-2542-fa.pdf

Syse #le WS 50 £55 A Glyies |y oad aalis
Lils g ol Goe b atd,y L4 5,003 g5 ool
(Shaviklo, 2015) sls o J}.am LS)L'\-Qi"

b oondSis olay ;o annSTy asls Lol gubss o
Bg Sl Sl VL Glagme b 4 @i g
ot 51yl 51 S lgie 4 oSy as s 6 5ol
(Olafsdottir et al., 1997) cul #,ks o o,> olus
oS SgelannS] 5T 5 SemwlonSTy p olse o Ygone
IS 1y bl sleesjs18 o5z seiloesT slo 25T
CdS b g awo 3l G Llojls 0gzg Jolw wijls 09>
ST gslonnST slud g 03,95 b H9de Jols (le;
o> oselansT (Reddy and Srikar, 1991) 84 o
5 (Psko S sl gsie sl STy b
498 4 b pSly (nl gl &5 Wgdge J5S (o]
3,ls u’i.w.u Jeame 6,J0 Sow g Lo 5,8il>
ol e o oplplo (Sudrez-Medina et al., 2024)
wals 6 Foul b Jpame 0y pm ey alols
STy oSl (2l 50 o (655 Ll g s,
Jahani wlice jgb a0 .0ib 0oy Joe pol> imgh ,o
o£9y ilST Gyl ooy b (Y-10) Farhanis
S ooy Gl b S s S GBS g s
Jl el il 6o sxe yeb 4 wluSTy a5 ls
Voo sl S aeSTy Lasls b STy aolie 5l ooliciul
s (McGill et al., 2011) ol alax 5l plo wdss o
oyl plo el 0o 0,155 (Long et al., 2022) L ;]
ol 6lp el Cansas slaools a5 8 5w g5 oo
Sl 18 Jaud LB asals yo ol ek o ja>li
o hais (TVB-N) 18 (59505 S ol Ghagiy o
JB gl 0wy g b ond S Clay 5 Ol
gy L oo S ul...u o UT )l..\ia g 039 6)50)‘m|
@ ol nlog Sl 51 YL 6l e job 4 n
ﬁduoé)sT)éWBQu@awwd‘ﬁ odes b
s (Oehlenschlager, 1981) oot ai8 5 a0 alo asly
L3l o Jyame o5,5we olud 5 collad mas b Yoons
(Kykkidou et al., 2009; Ozyurt et al., 2007) <!
P TVB-N jlxe iSlas a5 el ools lis mobie (o

Y

(a2yd ) 2le 139 5l S )l sne jsb 4 g o)
5 (Quo,0 FIY) oo Claw! &3 (0,0 VIT) Lges alloes
VEIP) a5l yieS g (auoyo < IY) 4l i
30 Iy egle Golay pols gudod bt b aS og (ao o
(2o, VYIOY) Clay jo sl oy ol yol> Gudow
59 Sl ol 5155 (0o )3 VEIFY) g 10 ogenn 5 5 i
boad Sas ol o0 S g 5d (e pol> i
Cadlo (6,10 Sre D9l 2 agems 9 Ol b g (oga
FB a0 Sl o e pd Gl &S 9k
e i (g b 0ol S Clay 53 5 9925 (5 S0l
3 A e Geigred g (Joere @ e
Load Sas olay 5l 5V 6)losne yobo 4 g p (g
Ol Eagh b ine ued 3 39 Slay 5 &y (gen
Wloo S BT L olay o p 8 pladd 5
FanS B 50 a5 ol e (Wattanakul et al., 2019)
@l b cnl 5l a5 09 Olas Sl St @in pvgew 0
g 58 el polo 380 gl b ged ;5500 3o
Sidloyor Oy jo S e (Y- -0) Bechtel
Sgd> 5 SV plo sl woys Ve/FENYAY ou

ab 55 el ale gy o ys ) /8
A e ok Slay PH ol ags o
2ol ol 092 @y g b 00 Sl Ol 5 g8 2 (g
SlaedgrS Glrae 8l cow PH olss 4 Wlg o
SIS Do (b 5dgpann Lyl g adgl diged 10 S92 ge
(Y- -0) Bechtel i) fpen ;o 0l Lo e 5,90 ,8
@l FIVY= FIAA T, onss Sisle s by PH e
555 )55 sells oale gl 100 350> 5 Vs als
Luls b cou Ses slae Sone dlge g &l s
Slge 55l 55 (1> wuTh Jlael Ygano 5 0391 (5913
siagy o (Cillaet al., 2019) el 138,56 Sowe
oz b oad S Olay 53 i g pendS Ol5ee 51>
3 Aed g peedS Ol 51 YL b ge pob 4 &
Bechtel aiej (oos 10 o5 @p Gosew 5 Sl
oot Sasloyw olay Saud g S e (V20 0)
Sga> g SV dle gl g aoys /oY) F (i
o o Dol o )5 5,155 eelle ple sl asye o/ Q



ShlKan 5 HS s

Alberta Agriculture and Rural ) cos 353
.(Development, 2006

g 50 25z lassul maw 0 VL pol> ragh 50
9 (o3 T vgu>) Syl apul bgrye i w0
laaidl b mls cpl g 0g (ao)s ¥ sga2) Sl
GoliS bl casls s> (Y+10) Farhaniy Jahani
dwl g doy TV e b Sl anl a5 &o 5
o gl 1 50ls5 oy YEIA i b Sotlgi]
S92 (nl plo (gl a2 gi LB S5 i gy (gen
bS5 5l om @ v 2z slasel Jdgn &5
RVOR|IVH PP SON- [ Er e F VW) I ~H P ST PRt e
557 45 SsiliSaliss 50 5 Sl «Sdgandl)]
4 (Das, 2006) wg, oo jleisds 559,50 <y sbrawl
Syse 00 ol ul &S wizje 8L See sl 5b
& Sl Cople aii snys Sidsid 5 Seddsnd ol
sy il 95 2 035 Ol 918 5l ol (o8, s>
sl S5e

ol gt 50 (23)) 9550 diel glasl soled hans
Sl sk & gwp g boad S ol o
B Slay Sl eS g Jeeme @in pvgee 5l S0k
ol Ly cw,ym L(Y-YY) 4, 5Kea s Mahdabi
oy 5 505 (25T oad s e slagtisy vl
G5 63575 GBS (ole Sl sy (ole jo 58
OFOlS GVl 5 Seeligls sl cpndS 45T Wi S
Slawl mhaw g 0og Cluy )0 35250 alel slaasn
1AV 6 la e sobo o Olay )3 VT g S s
gy 5 el g9l GBLS (ale jo5 § CubsS
Sl HUST 30 Salbigls sl g emelS S o0l
ol gy Slay 5o GlilE e il oS!
(sl ge Wl oo Ol 45 W3S a0l Sty
ssb 4299 e YIJ3E als (2132 (slajls sl ol
P2l SR ) @r oo b 0B S Clay (S
oz 3l ael slovanl (ooled grlans Jlo e S50t
(035 (B ) ge) (978 el el N -
5 Oedlonl commd) (VIS s Ol
(Alagawany et al., 2020) o ;oo 5!y «((pposinn

P Ve 3 09 el ke T (St mlie
ol ylaie Jy (Tanuja et al., 2014) coul Jyame
Joie (VAAS) FAD el it ole yog5 5 asls
iy Y gV ) ax o ol oy 0 TVB-N a iy
Jyaze p )5V 00 )3 0395 5 (e YO+ 5 VO 1O+
S 0adSiS lay lp e ls ol ceslos S 4oy
culin CeaS 5l Sl g 00 V oAz ol yog
ey ;5 TVB-N il ool pls STygs el Jgame
ey Do 3l 56 Cosl (Sae gmigr gens b oo St
S5 Gl g il 5558 (a3 ls 2l 5l G ol ol

g 488 5l 50 Jame ogul adgs ey po Wl
(NDF) (g3 058 5 Jolonals ST ol gy 5o
Slay ;0 128 (ADF) (goasl oai g 5o Joloeali SLJI
9 9 odalin Joors o g g p ooy b odb St
1L s gima yob 4 (Jgere g (wgmw 5o ol Hlade
el )0 i G 92 @i o L 008 S Ol
Sasslon 1972 5l ST olr 9 ;eSS Slp clio Ll 0
ADF 5 NDF 5 o0, il a5 S tsS Jsiets Slplio
St (S le5eis S1y55 e (plierd SLoS 5 95>
Slge aly p (S @Ml )0 ohages Ll Jlade (s &5
Sl o955 Glosg caenl 51 YL sl 08 s
Sl ADF sy le ool yo (Zebelietal., 2012)

9750 ek 9 Cel 035y oS gl g pl> S e
S sreS par Sl WS oS ey 58 )

.(McDonald et al., 2010)
551288 (ADIN) (gosl a9 3o Jolonal (35 555 oo
gl ;0 @y pogs b 0dbSis Clay 5 @n (usew
Sl Dol 55 99 cnl 9 9 s S esll LB
&lp eolatwl 5,50 slae ADIN aseul 3 o sagd
O Hlade 5 cuwl Shygs Lol poc | > bl ass
shew (00,5 Sy slaanT b 5l (36 ol Sl Wlsi e
Vb Cogb; Gliee b sladdgle 9,5 gamatn b o5
a8 ool 5 .(Nakamura et al., 1994) wb il33!
25 Gl 0aigd 35 Jolomal ()59 555 oo pol> ioles]
Vel 5eS @ ovgee Lot SaS Clay g @i g
Y gamo plo 5.5g 5 Jlode puseal 4 (53L5 ol B0

WYy


https://isfj.ir/article-1-2542-fa.pdf

3 2l yoe adgi laasly gl Dl ol 5l eolarul
oo 6L 5 (Blo) adgl slge 0508 s 4 Ol
Gadyo (C39) 551 S5 59w mb o)l
S5l golazsl

Sz sl g, 5l S S S S olge 5l el
355 5 i lio 19 Vb Saglo, b olsa b Slals 0.
Cash, Gz (Fiis s dlse ol el pls STex
S slp 3550 0ole Zugh) RalS (sl p 5wt
oolawl 0,5 Siz loy ualS i 0 g 0,5
St golaidl g (S8 Sl ) olge onl 0 )15 igd o
(S 2l puiley Jlas 4 oo ) w)ls ol
B9 o0 S5 Pl Sran ;5 97 a e 2 ge Jpaze
Spas a4y @y Bl g Cal g pdiolid [l oole Sl
Joeo 0 Wb oole opl oS S oplply oy
Solliws I oolaiwl 0gi ploxl ale o4 slaaxly
5 olwl (S Sz wile oo yog G5 50 39240
Sl e wile Glias Gl g eSS
Mg conlin CoB b (Sio (S gl 5 Clay (55K
Solony 5188 g s b1y ] 08 S o J5s
9 oLl Lo )5 (Lol Sl S g Cunl (55 ,5l0S
S 435 plaasce byl oelul 08 e args LB
g Saoed 5l 00,0 B0 290> Sl ga Jpae Cuod
5 25 iyl hls 45T b 2l 5V Jsans
el 9155 o 60 Shos

plo Shgs Ml 4 (asuggis poi) 4 azgi b (ragh o
S 50 O 565,5liS slaailonny 5l dinge oslinal
pls STygs ls lg 4y Stanly 2lS 5 2108 Sl oyals
5 s Jelis 20 slagygesl plasl 5l (0 ol
Sale 3 g ool (e 9 005 St ey (b))
Slp Fp S Glaie 4 @ uge 0 Slay 13) S
o3l plyie 4 g n oge b Slay (solatdl (0 5 S
olie gole g s 0B bl (S SiS (SoS
Sl (Gano Slgo g Dlyepg S 022 (o (k5 JB

Gl ol oloondsSised o Fhus 5l A o g
KEShaVarz ) cuul 1o 55 5 S1s5 oudsi 5 (ypemsVgn,d
Sl a5 518 () 5l eolil (Hedayati et al., 2013

WY

Se 3550 )3 (glosls (8L 4y 485 & j50 mlie (o) 2
S e el g el Gl olay pednlie LB 655
L) @ r g pedplio B (6551 dnslie wogdleay
YYD o] ke mlis p 45 (woys VY 5l eS8
Heuzéand) cosl ool S50 55LS 10 5 JS6LS YOOY
ol eudalie BB 5550 lade L (Tran, 2015
LoadSid olay Jpamme ;0 039y lp oddmonas
G5 )3 eSS )3 s IS okS YPOPIV) @ 0 (ogens
s anlh ) eslenad b lgie o ol ples jols
Tr oo S5 Slgome o3 Ve-¥e ol o8
a5 1055 el Rl 45 sy oo laiay 0381
oiugh wluy )o (5l o)las) (89, 4z g5 LB (l5ee S92
03ld &) goin g b 09,5 SaS anl e ol Ll

!

wolaidl g o8 ol

BBl 31 (5 5 b)) oloale 2155l Sy
sleaxly Cole Cow s |y (Ll 6)9l,8 Caro e
axly pl jocwl ools Faw oole jogy Oy asd iy
3190 il g adgl olge 5l (6 S Ta ool (sl
srs Slule Al Sl sly @yt oYl
s o3 Gl 5 ool o3 ol 452 & (o)
Slge b st coluy 5l (6410 120 50 (61 055 0 o0lai]
Sl 5 ol ilslaz 0gd oz ol 51 calo (124, 5 el
Yoo Ladss ¢ Y oassSTos sloolSiws 51 solatwl aiejls
oole aus,0 £ glylo il dlge g yE 9, W8l Gl ]
@ S oole yuile, g o) badss gl a5 ol Sas
Sley 599381 D9d o0 SBrae 595 s34l wasy BT
o3ib 4 doyo Ve ol jog adgi as > 4y ouls Ll
(FAO,1986) w38l co adss

Slr 3l e Sl Seed (2SSl > > o
b Sysln Yo e Yoo il Cley L3k
g slaaxly sl o el 45" (WWW.alibaba.com)
Slai goladl g S8 Azl 05wl o 2l yoe

! Decanter centrifuge
2 Evaporator



ShlKan 5 HS s

Animal Science Technology. 65(4):804-817.
DOI:10.5187/jast.2022.99

AOAC, 2005. Official methods of analysis, 18th
ed. Association of Official Analytical
Chemists, Washington, DC, USA. 771 P.

Bechtel, P.J., 2005. Properties of stickwater
from fish processing byproducts. Journal of
Aquatic Food Product Technology, 14(2):25-
38. DOI:10.1300/J030v14n02_03

Bechtel, P.J. and Smiley, S., 2009. A
sustainable  future:  Fish  processing
byproducts. Proceedings of the symposium:
A Sustainable Future: Fish Processing
Byproducts February 25-26, 2009 Portland,
Oregon, USA. 340 P.

Beski, S.S., Swick, R.A. and lji, P.A., 2015.
Specialized protein products in broiler
chicken nutrition: A review. Animal
Nutrition, 1(2):47-53.
DOI:10.1016/j.aninu.2015.05.005

Cilla, A., Barbera, R., Lépez-Garcia, G.,
Blanco-Morales, V., Alegria, A. and
Garcia-Llatas, G., 2019. Impact of
processing on mineral
bioaccessibility/bioavailability. In: J. Barba,
F., Saraiva, JM.A., Cravotto, G. and
Lorenzo, J.M. (eds), Innovative Thermal and
Non-Thermal Processing, Bioaccessibility
and Bioavailability of Nutrients and
Bioactive Compounds. Woodhead
Publishing. pp. 209-239.

Das, U.N., 2006. Essential fatty acids-a review.
Current Pharmaceutical Biotechnology,
7(6):467-482.
DOI:10.2174/138920106779116856

b 09 S92 g i Sgnte | 80 (g sl 335 )
2 G S Wl oo Jeaze iz 0 2l Lt
cload alol asls (bl g Heuds plo o ,Slee dgupe
ooty Sllg> asn jo Jolhay Jeame ol )0 9525
39S ol8 wile (A lgseis 5 €50 05K o 0o
Sllge> sl 1) somlin 5531 Slgiee 9 Canl pan L8
)l 25 Sl Wlgion G (ol @S WS el
g oolatul {oiS ol jog adgi slaasly yo Jeams

S50 g s

SOk 9,985 (sl pole Dliiod dngo sla Sty
Sl o3gn onl Szl o OIS 6,58 g ke
Dy s

&bo

Alagawany, M., Elnesr, S. S., Farag, M. R.,
Tiwari, R., Yatoo, M. |., Karthik, K.,
Michalak, I. and Dhama, K., 2020.
Nutritional significance of amino acids,
vitamins and minerals as nutraceuticals in

poultry production and health - a
comprehensive review. The Veterinary
Quarterly, 41(1):1-29.

DOI:10.1080/01652176.2020.1857887

Alberta Agriculture and Rural Development,
2006. Know your feed terms. Alberta
Agriculture and Rural Development.
Available at: https:// Website:
www.agriculture.alberta.ca (Accessed on: 4
August 2024).

Alizadeh-Ghamsari, A.H., Shaviklo, A.R. and
Hosseini, S.A., 2023. Effects of a new
generation of fish protein hydrolysate on
performance, intestinal microbiology, and
immunity of broiler chickens. Journal of

1\ F



Etemadian, Y., Ghaemi, V., Shaviklo, A.R.,
Pourashouri, P., Sadeghi Mahoonak, A.R.
and Rafipour, F., 20201. Development of
animal/ plant-based protein hydrolysate and
its application in food, feed and nutraceutical
industries: state of the art. Journal of Cleaner
Production. 278:1232109.
DOI:10.1016/j.jclepro.2020.123219.

FAO, 1986. The production of fish meal and oil.
FAO fisheries technical paper — 142, food
and agriculture organization of the United
Nations, Rome, Italy. 152 P.

Heuzé V., And Tran G., 2015. Rice bran and
other rice by-products. Feedipedia, a
programme by INRAE, CIRAD, AFZ and
FAO. Avaiable at:
https://feedipedia.org/node/750. (Accessed
on: 4 August 2024)

Jahani, N. and Farmani, J., 2015. Oxidation
stability of rice bran, corn, canola, sunflower
and soybean oils in the process of baking and
preserving bread. Food Hygiene, 5(4):13-26.
(In Persian)

Keshavarz Hedayati, A., Alami, M,
Motamedzadegan, A., Maghsodlo, Y.,
Ghorbani, M. and Amiri, S., 2013.
Investigating the physicochemical
characteristics of Iranian rice bran protein
concentrate. Journal of Food Science and
Nutrition, 11(41):49-57. (In Persian)

Kykkidou, S., Giatrakou, V., Papavergou, A.,
Kontominas, M.G. and Savvaidis, I.N.,
2009. Effect of thyme essential oil and
packaging treatments on fresh Mediterranean
swordfish fillets during storage at 4°C.

ARIA

Journal of Food Chemistry, 115(1):169-75.
DOI:10.1016/j.foodchem.2008.11.083

Leeson, S. and Summers, J.D., 2005.
Commercial poultry nutrition. 3rd Edition.
Nottingham University Press, Nottingham.
398 P.

Long, S., You, Y., Dong, Xi., Tan, B., Zhang,
S., Chi, S., Yang, Q., Liu, H., Xie, S., Yang,
Y. and Zhang, H.,2022. Effect of dietary
oxidized fish oil on growth performance,
physiological homeostasis and intestinal
microbiome in hybrid grouper (9 Epi-
nephelus fuscoguttatus x & Epinephelus
lanceolatus), Aguaculture Reports,
24:101130.
DOI:10.1016/j.aqrep.2022.101130

Mahdabi, M., Shamsaie Mehrgan, M. and
Rajabi Islami, H., 2021. A comparison of
the proximate compositions and amino acids
profiles of protein hydrolysates produced
from fishmeal effluents (stickwater), fishmeal
and muscle of Anchovy sprat. Iranian
Scientific Fisheries Journal, 30(6):43-61. (In
Persian)

McDonald, P., Edwards, R.A., Greenhalgh,
J.F.D., Morgan, C.A., Sinclair, L.A. and
Wilkinson, R.G., 2010. Animal nutrition. 7th
Edition. Pearson Education Limited,
England. 712 P.

McGill, J., McGill, E., Kamyab, A. and
Firman, J., 2011. Effect of high peroxide
value fats on performance of broilers in a
normal immune state. International Journal
of Poultry Science, 10(10):241-246.
DOI:10.3923/ijps.2011.665.669


https://feedipedia.org/node/750

ShlKan 5 HS s

Nakamura, T., Klopfenstein, T.J., and
Britton, R.A., 1994. Evaluation of acid
detergent insoluble nitrogen as an indicator
of protein quality in nonforage proteins.
Journal of Animal Science, 72:1043-1048.
DOI:10.2527/1994.7241043x

Oehlenschlager, J., 1981. Variation der gehelte
an fluchtigen stick-stofgehaltigen basen
undTVB-N'in retbersch. Informationen fur
die Fischwirtschaft, 53:33-34.

Olafsdottir, G, Martinsdottir, E.,
Oehlenschlager, J., Dalgaard, p., Jensen,
B. and undeland, 1., 1997. Method to
evaluate fish freshness in research and
industry. Trends in Food Science and
Technology, 8:258-265. DOI:10.1016/S0924-
2244(97)01049-2

Ozyurt, G., Polat, A. and Tokur, B., 2007.
Chemical and sensory changes in frozen (-
18°C) wild sea bass (Dicentrarchus labrax)
captured at different fishing seasons.
International Journal of Food Science and
Technology, 42(7):887-893.
DOI:10.1111/j.1365-2621.2006.01302.x

Reddy G.V.S.,, and Srikar, L.N., 1991.
Preprocessing ice storage effects on
functional properties of fish mince protein.
Journal of Food Science, 56:965-968.
DOI:10.1111/j.1365-2621.1991.th14617.x

Rezaei, M. and Karimzadeh, S., 2020. Benefits
and use of rice bran in feeding poultry and
ruminants. Publications of Sari University of
Agricultural Sciences and Natural Resources,
Sari, Iran. 104 P. (In Persian)

Shaviklo, A., 1996. The status of fishmeal
production in Iran. Department of Fishing

and Fishery Industries, Iran Fisheries
Company. Tehran, Iran. 110 P.

Shaviklo, A.R., 2015. Development of fish
protein powder as an ingredient for food
applications: a review. Journal of Food
Science and Technology, 2:648-661.
DOI:10.1007/s13197-013-1042-7

Sibbald, I.R., 1989. Metabolizable energy
evaluation of poultry diets. In: D.J.A. Cole
and W. Haresign, Recent development in
poultry nutrition. Butterworths, London, U.K.
251 P.

Suarez-Medina, M.D., Saez-Casado, M.I.,
Martinez-Moya, T., and Rincén-Cervera,
M.A., 2024. The effect of low temperature
storage on the lipid quality of fish, either
alone or combined with alternative
preservation technologies. Foods,
13(7):1097. DOI:10.3390/foods13071097

Tanuja, S., Mohanty, P.K., Kumar, A,
Moharana, A. and Nayak, S.K., 2014. Shelf
life study of acid added silage produced from
fresh water fish dressing waste with and
without the addition of antioxidants.
International Journal of Agriculture and
Food Science Technology, 5(2), 91-98.

Thirumalaisamy, G., Muralidharan, J.,
Senthilkumar, S., Hema Sayee, R. and
Priyadharsini, M., 2016. Cost-effective
feeding of poultry. International Journal of
Science, Environment and Technology,
5(6):3997-4005.

Vargas, J.A.C., Mezzomo, R., Gomes, D.I.,
Oliveira, L.R.S., da Mata, V.J.V., dos
Santos, R.D.C., and Alves, K.S., 2020.
Total and partial replacement of corn meal

\Rld



with rice bran in lamb rations: nutritional
effects. Livestock Science, 234:103986.
DOI:10.1016/j.livsci.2020.103986

Wattanakul, U., Wattanakul, W. and
Thongprajukaew, K., 2019. Optimal
replacement of fish meal protein by stick
water in diet of sex-reversed Nile tilapia
(Oreochromis niloticus). Animals, 9(8):521.
DOI:10.3390/ani9080521

Zaefarian, F., Cowieson, A.J., Pontoppidan,
K., Abdollahi, M.R., and Ravindran, V.,
2021. Trends in feed evaluation for poultry
with emphasis on in vitro techniques. Animal
nutrition, 7(2):268-281.
DOI:10.1016/j.aninu.2020.08.006

Zebeli, Q., Aschenbach, J.R., Tafaj, M.,
Boguhn, J., Ametaj, B.N. and Drochner,
W., 2012. Invited review: Role of physically
effective fiber and estimation of dietary fiber
adequacy in high-producing dairy cattle.
Journal of Dairy Science, 95(3):1041-1056.
DOI:10.3168/jds.2011-4421

Y



Iranian Scientific Fisheries Journal Vol. 33, No. 4

Drying stickwater with rice bran as a drying aid and evaluating the chemical
composition and nutritional value of the prototypes for use in livestock, poultry and
aquatic feed

Shaviklo M.R.Y"; Abolghasemi S.J.%; Alizadeh-Ghamsari A.H.%; Pourabedin K.2; Rafipour F.3;
Etemadian Y.3*

*shaviklo@gmail.com

1- Department of animal processing, Animal science research institute of Iran, Agricultural Research,
Education and Extension Organization (AREEO), Karaj, Iran

2- Department of Fisheries, Talesh Branch, Islamic Azad University, Talesh, Iran. P.O. Box: 43711-65143
3-Zabol Fisheries Office, Sistan and Baluchistan General Office for Fisheries, Iran Fisheries Organization,
Zabol, Iran.

4-Yas Aquatic Protein Limited, Guilan Science and Technology Park (GSTP), Ministry of Science,
Research and Technology, Rasht, Iran.

Keywords: Stickwater, Rice bran, Chemical compounds, Metabolizable energy

Introduction

Stickwater is a solution obtained by squeezing cooked fish meat in the process of producing fishmeal. It
contains soluble proteins, fat, insoluble solids, vitamins, and minerals, constituting more than 60% of the
weight of the raw material. In advanced fishmeal factories, after separating the fish oil, the stickwater is
concentrated and added to the cooked and compressed fish meat to increase the amount of protein and
other nutrients in the fishmeal. In the fishmeal production factories in Iran, the stickwater concentration
process is not carried out, and it is discharged into the environment after incomplete oil separation. This
not only causes economic loss but also leads to various environmental problems. However, research has
shown that stickwater obtained from the fish meal production process can serve as an excellent adhesive
agent in animal feed formulation as well as a potent absorbent and appetite enhancer for farmed aquatic
animals. Therefore, a co-drying process of stickwater with drying aids was developed to address these
issues and create a new product for livestock, poultry, and aquatic animals feed. Rice bran, a main
byproduct of rice milling, is commonly used in animal feed due to its nutritional value. It can also serve as
a processing aid or drying aid for drying stickwater. The affordability and accessibility of rice bran,
coupled with its nutritional benefits, make it an ideal material for this purpose. Despite a lack of scientific
reports on the drying of stickwater using drying aids for animal and aquatic feed, production of this
innovative approach shows promise in increasing the nutritional value of rice bran while economically
drying stickwater. The primary objective of this study was to determine the drying condition and
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nutritional value of the resulting prototypes for use in animal, poultry, and aquatic feed. However, the
obtained technical knowledge can solve the environmental problems related to the disposal of stickwater.
Methodology

The production process was conducted using a pilot-scale hot air dryer. After prototyping on a laboratory
scale, by keeping the temperature of the dryer constant, different ratios of stickwater rice to bran flour
(1:0.42, 1:0.65, and 1:1) were tested. The inlet air temperature was considered to be 65+5°C, and the
heating continued until the moisture content of the product was below 8%. The yield percentage,
proximate analysis including dry matter, crude protein, crude fiber, ether extract, ash, and pH, calcium,
phosphorus, fatty acid profile, amino acid profile, total volatile nitrogen (TVB-N), and peroxide index
were measured. The amount of nitrogen-free extract was also obtained by reducing the total percentage of
moisture, fat, protein, fiber, and ash from 100. The insoluble fibers in acid detergent (ADF), non-protein
nitrogen (NPN), insoluble nitrogen in acid detergent (ADIN), and neutral detergent insoluble fibers (NDF)
were also assessed. Measurement of these indexes is important for ruminant nutritionists and was
performed to evaluate the fiber components of the product and its nitrogen partitioning. The metabolizable
energy of the product was also tested.

Results

The study found that increasing the ratio of rice bran led to a decrease in the percentage of crude protein in
the final product and significantly reduced the drying time. The prototype with a ratio of 1 to 1 (rice bran
to stickwater) exhibited the highest production efficiency (67.70%) and the lowest amount of moisture
content (highest amount of dry matter), indicating its potential as an optimal feed supplementation. The
highest amount of crude fat and the lowest amount of ash were observed in combination with a ratio of
0.42 to 1 (rice bran to stickwater), and the lowest amount of crude fat and the highest amount of ash were
observed in the product with a ratio of 1 to 1 (rice bran to stickwater), which showed a significant
difference with other samples (Table 1).

Table 1: The effect of the ratio of rice bran and stickwater on drying time (min), yield (%) and proximate analysis
(%) of the prototypes*

Ratio of stickwater

to rice bran Drying time Yield Moisture Protein Fat Ash
1:0.42 524600 0.89°+62.90  0.86%£9.14 0.55%+18.38 0.34%+33.76 0.29°+£7.10
1:0.65 5b+480 0.83°+£63.72  0.72°+8.91 0.26°+17.25  0.45'+32.63 0.36"+7.82
11 5¢+360 0.592£67.70  0.59°+8.82 0.47¢+16.45 0.82¢+31.51 0.622+8.16

* Numbers are average of 3 replicates with standard deviation.
@< Different letters show statistical significance in each column (p<0.05).

The amount of nitrogen-free extract in the optimal prototype (ratio of 1 to 1 rice bran to stickwater) was
23.96%. The lowest moisture content and the highest peroxide index and TVB-N were observed in the
optimal product. The lowest amount of ash and the highest pH value was observed in stickwater, and the
highest amounts of insoluble fiber in acid and acid detergent (ADF and NDF) were observed in common
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rice bran. In general, the results showed that the nutritional value of the optimal prototype was higher
compared to stickwater and common rice bran. The levels of myristic, palmitoleic, heptadecanoic,
arachidic, gadolic, margaric, stearic, vaccinic, eicosadienoic, eicosatrianoic, eicosapentaenoic (EPA),
arachidonic, urosic, docosa-tetraanoic, docosapentaenoic, and docosahexaenoic (DHA) fatty acids in
stickwater were significantly higher than rice bran and co-dried stickwater. The levels of all amino acids
including aspartic acid, glutamic acid, serine, histidine, glycine, threonine, arginine, alanine, tyrosine,
methionine, valine, phenylalanine, isoleucine, leucine and lysine in stickwater dried with rice bran were
significantly higher than common rice bran and lower than stickwater. Apparent metabolizable energy
(AME) and true metabolizable energy (TME) in the optimal prototype were 4012 and 4447 respectively.
Discussion and conclusion

One of the most important issues in developing livestock, poultry, and aqua feed is the amount of
consumption energy in the production phase, which will directly affect the cost of the product. Increasing
the drying time will lead to more energy consumption and consequently increase the cost of the product.
On the other hand, this issue may also affect the quality of the product and can also show its negative
effect on animal performance. Therefore, due to the importance of drying time and production efficiency,
the product with a ratio of 1 to 1 (rice bran to stickwater) with the lowest drying time and the highest
production efficiency was selected as the optimal prototype. The use of drying aids is one of the methods
of drying liquids or materials with high humidity in the food industry and animal feed production. These
materials have moisture absorption properties and are used to reduce the moisture of the material intended
for drying and thus reduce the drying time. The use of these materials is very important from a technical
and economic point of view because it saves energy while minimizing the quality loss of the product. Rice
bran contains significant amounts of protein, fat, carbohydrates, and minerals, and as a result, it has
desirable physicochemical properties for formulation and feed production. The use of this technology can
improve the nutritional value of rice bran. The presence of proteins and lipids of marine origin in co-dried
stickwater with rice brans has positive effects on feeding livestock, poultry, and aquatic animals. The
innovative approach not only addresses environmental concerns related to stick water disposal but also
offers a cost-effective solution for fishmeal production units in the country.

Conflict of Interest

The authors declare no conflicts of interest.

Acknowledgment

The authors acknowledge the support provided by the Animal Science Research Institute of Iran and the
Guilan Science and Technology Park.



