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Table 1 Classification of powder flowability
base on Carr index [41]

Carr index (%) Flowability
<15 Excellent
1520 Good
2035 Acceptable
3545 Fair
>45 Poor
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5. Coarse particles
6. Carr index
7. Compressibility index
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2. Tapped density
3. Cohesiveness
4. Hausner ratio
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1. Water holding capacity
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Table 2 Effect of transglutaminase enzyme concentratiophysicochemical characteristics of low-fat
milk powder

Enzyme concentration (%)

Characteristics

Control 0.005 0.01 0.015 0.02
Moisture (%) 2.10820.40%8 2.180#0.406 2.617#0.336¢ 2.65620.215 2.191+0.346
Bulk density (g/crf) 0.32140.02F° 0.33320.023 0.337+0.028 0.30820.013° 0.29720.022
Tapped density (g/cth  0.398+0.05F° 0.407+0.03% 0.411#0.037 0.37220.01¢ 0.352+0.018
Hausner ratio 1.237#0.027 1.22320.015° 1.21720.019 1.207+0.029° 1.189+0.03¢
Carr index (%) 19.3341.84  18.2542.37° 17.7042.3F°° 17.14+2.01° 15.88+2.3F
Mesh 40 40.82#44.67  50.3029.80° 56.06+8.7F° 59.1446.33° 61.07+4.53
Mesh 100 46.8546.34  41.18#3.67° 39.60+7.58° 37.2446.7F  37.0145.37
Mesh 150 3.23+41.12 1.55240.84 1.8240.54 2.4440.89° 1.5520.91°

Values with different letters within a row denotatistically significant differences (P<0.05).

Table 3 Effect of enzymatic treatment temperature on plogiemical characteristics of low-fat milk
powder

Enzymatic treatment temperature

Characteristics 35°C 4°C 45°C
Moisture (%) 2.345+0.46 2.351+0.38 2.34020.47
Bulk density (g/cr) 0.33140.2C° 0.31740.4F° 0.3090.27
Tapped density (g/cth 0.405+0.03G 0.388+0.067° 0.371+0.029
Hausner ratio 1.22240.22 1.22320.17 1.199+0.2G
Carr index (%) 18.07+42.19 18.3541.72 16.57+1.46
Mesh 40 45.0549.34 51.80+8.74° 62.01+9.87
Mesh 100 51.3149.1F 45.68+13.48° 36.5310.83
Mesh 150 2.95+1.38 1.45+0.79 1.1040.82

Values with different letters within a row denotatistically significant differences (P<0.05).

clackle 55 bl 538 e m caby Sl can Il
O P T SR CR SR SN e
b s s Y] 0L 5 IMM iaees b
gl b ks Sl Loy 3l el J5 ST e
S b Sl a8 Loy amd cpl a5 Lol 13 e
ri)ﬂ bookd Dl 3y 4 b I3 0 Ol IS
sty iyl LeNos ) gackle s MTGase

1. Paneer

A

Slasy gl sdalin Ol eV KE 53 &S shiles
540°C 570 Glos o3 Bl 1o/ b s Sl Sl Jols
b C,u}b‘) )‘J\LA u.)).!yb gi'oc 6L¢J BL) V—"‘JJT ./.'/'\o
S 03 SOds amen g LlLLE (ol s ;.jd)\.).@_il
= s [te] oLKes 5 Prakasans ;s a5 o4
—los Sl eslanal Cogline Jal s s a8 Waged 5518 alie
S cer O Gus 4 00°C 5 9Ah s 4 £°C) 0L



\yan D‘JJA N 092 A e)Lq..jn

e @L*pjrjl&

S 0352 FYL s & Wl e 5 She Slaipas b anlie
‘[".’.J"Y C,.]zl.ﬁ » b}}b [\'] J.«.::l; Jals 44".0.3 BLES'S) CJ‘)D
TD Jbsime oid w35 o pl Sles Olojmlos lal
e o 3Tl glos Il b s s S s sladses
QLLEJ.A JS| 40‘3.)’\94.1 s;;ﬁli ﬂ‘ﬁ‘ g@"}s JJG J}ld.' TD
oS A el el sl gles 5 Chle Obe (5ls e
Lyl ,d 5o el ag sl F SS w a5 L s S edalis
Gbls wpl Loy sl 5 £0°C e sl les

55 (/Y0 QICNT) gl 1 als o jmaS

04
bede b ahc a ahc e
oA e bede ll-bed bede de  Dede g,
£ 03
3
202 135°C
g 40°C
S0l
E 045°C
)
0
0 0.005 0.01 0.015 0.02
Enzyme concentration (%)

Fig 2 Effect of concentration and temperature of

enzymatic treatment on bulk density of low fat

milk powder

05
T 04
Q
3 03
E‘ 1357
£02
3 40
T
g 01 B45°C
2
£ 0

0 0.005

Enzyme concentration (%)

0.01 0.015 0.02

Fig 3 Effect of concentration and temperature of

enzymatic treatment on tapped density of low fat

milk powder
RGPV
A Sy cer HR)Y ls e U (Ko L)
Coadl 5l Oles b baya gy (52,58 5 )b s b
25 S Shar e S ol s ,5 HR [YA]
Jusl i sl ol Ulse a5 dph e SIS w

S g St G 43131 6 00b > 5l DIl

YV

o
o

bede a
abede  abc

w

abcd, abed

abed

A}

é 2

; B35°C

1 o

E 1 40°C
05 W45°C

[=1

0 0.005
Enzyme concentration (%)

001 0.015 0.02

Fig 1 Effect of concentration and temperature of
enzymatic treatment on moisture of low fat milk
powder

‘5“9}"’ o34 4.’.'.:...3‘.5 -Y-¥
chle sl b MTGaASE o5l ls oS 5ls 0l =l
035 anedls Sl g GRIBl e wpl dops o/
ol o gmes (5lgn &ASQW\ ol J:J; Ly ”qu" BD)
O] asle bty 0l o pards Jsa 5350 I3 1
Ssgme el el ol Clale VU sl (e
ol L e (Y Jsd) 5,8 BD jluds (P<e/eY)
Gols s sk 035 el F ) w3l b sles
53 el ar g LB als cle il mals (P<e/ey)
clea Wi e W sles 53 5 sl ke VL ke
otz g Obe JS50 05p 5 050 VLl LAl
Al ag S OAE o a5 [0V]
o3Il il L as wsls a8 [oo] ol Ken s Ganesan
D3 3l S Slae g anl il s s slad )l
035 wdls amys 5 &S o JAdl 1) Lab 5l me o

Ll e Al Sl slays g

Ll 5 eyl chle Ol ool ame Blise 1 iomes
Olar (P<0/00) w8 aalie 3l glos Jleg il
@35 4y (p S d atie VOIS s S b
W;I'/»M sV Chle Lol Jls ksl 4 by e
bodd Jle igad 3 ilesl 3y50 glos Ll 5 an o o
wdls S sl £0°C (slas 53 T To/eY ke
s (XA GIENT) o5 5

(TD) las i atensls S 515 OLES @L:J 0355 anensls diles
et sl 5z (P</0Y) (ools pme ol dald €50
Sl T chle W s s> MTGaseL st jls

53 Hald i ged b S5 amm iS 03 VLY Jsi)



ot 53 3B S 15 e 5T e B e 2

a‘)&“"’)“\:‘i,}’.'g}:"‘""

dﬁ-l‘g's'f gels —i-v

SIS Sl Sy e s sl 515 b (CD) S el
st s 5 Sk O Cl 215G 5 ol s
5wl Sl oy G adiol e s b e NI
R s i SIS b a1 5oy e
Al A DAl s 6 all LS 5 55 e
b gles 5wl Jlie aze 53 8 oS sls 0L =l
Ladls e sladses Cl PRSP J:JL' ij
e & Cl s (ol clale VL ol 53 (P</e)
Al bus el e Vel s
Cl jlais iz .ol a8 )l e 55k MTGase
JB sk £0°C les s eld Sl s sladises 53
S oy un w5 sl ) el e
» Cl e S bes ol s ij a5 B ﬁU oaslis
VA0 AA/Y 5w 80°C 580 30 au sl Jlas slales
A3 8 s VYOV

Jlie G ogas sdalin Ol5 e 0 IS 55 &5 shiles
sy Cl 5l bl sppe e 53 Obe ()l sne
dosa 0Vl bl jlas jay aised L b
SalipSls el S sl £0°C les 53 il
b 0T Ol (s e IOt Ll 3 Wniismd ol 0 o
s los Oler 53 @l do)s #1010 5 +/0) (gol (sladi sl
Gl 3 Pl doys o/Y Chle b oekd las e

A3 K jasins Y0°C

ahc ahed d
hed g S hede™™
](g defg f

-
&1

;/ [ ERNO
L)

£ 40°C
"

c 5 [}
8 145°C

0 0.005

Enzyme concentration (%)

0.01 0.015 0.02

Fig 5 Effect of concentration and temperature of
enzymatic treatment on compressibility index of
low fat milk powder

YA

e Bl e patls ) (s ole 4 [07] sy
Gl Dop amie S gndeSls parls
S Sasy Slasys osd S 80 by kil >
Al b Bl ssie edel mle la
Cogby ol LSl o pbliae gl 5 (Sl S
gl sl s pl os s cl Ll s HR L
OB 5 53s DL 0aS S5 D3y el LSUES

foo] 55 0 (Sows
el Gl 0 gel stalie Ol5 e ¥ ddr 2 oS shilen
el clle Bl el 5 HR G ols im0
S (Gl e sk 3 (Siwsn ko f/0Y laie U
il s 4 as w3 & ailes OF oo a5 3L
Lyl o e 5 ke dilen A3l o 39y iy D3
33 sl HR il ome 136 o 5T s Olej-Los
Yo I MTGase. sl cls sles (il bt a il
Ll s, salie HR i 55 (gls e s £4°C
S gy s gme S e £0°C slos 03 a5l s

) s S o
Bz sy Kb imes besls bl a4 2l
sy oo gl wised HR o 0sail sla ke Ol ls s
Use b s Shezg 2yl cdlad glos 5 2l b
Sl Ll d 0 edd 4 Lped s sdalis £ S s
QIeNT Jiaie b 5T e/0) il 5 £0°C slos oy

23 HR o zes sl vy

126

14
f1p
®

-]

5118

5

% 116
114
11

0 0.005

0.01 0015 0.02

Enzyme concentration (%)

Fig 4 Effect of concentration and temperature of
enzymatic treatment on cohesiveness of low fat
milk powder



\yan b‘bjﬂ N 092 A e)w

e @W}fﬁl&

——0 0.005 ——0.01 ——0.015 ——0.02
70
60 -
F 50
g 40 -
-'E 30 -
£ 20
=
é 10 -
0 - 3 . r . .
10 0 100 200 300 400 500
Particle size (u)
——0 0.005 =—4—0.01 —=0.015 —+—0.02
80
70
E 60 :/
= 50
2 /Q
IS —
T 30 /
= 20
@
2 10
0 T T T T 1
10 0
Particle size ()
—) 0.005 —#&—0.01 —=—0.015 ——0.02
90
A
80
E? 70 ////x
=~ 60
£ 5o — £
R 4 T
E 30 //
T 20 //‘)(/
@
& 10 i
0 +— T T T 1
10 0
Particle size (n)

Fig 6 Effect of MTGase concentration on particle

size distribution of low fat milk powder at differe
enzymatic treatment temperature (a2G5b: 40C

and c: 45C).
S S doms 4

53 05l 5,8 5 Ol J& 5 Jem W & o slass s
$92ss ssbe OSLS Ll SV e 05V se
Jed S OIS Y gome o s il S5 e 55,5
sl 6ol 5 YU (6Dl S (gl IS
e 3 eslanal (Jle gl 53 S e sdalie slass g cpwer 52
Jed 3 e csle I3 5 Vs 3 (Jpene SO
B T P N P S BT COP R R |
S oS W3k O L0k sy e Shs on ege
Sl 5 eSS el ((Sowpm Olpe 4 Soew O

L}'{;ﬂ)ﬁ &ASL)J}{ 611)..,\.3;)[._{‘)?- )‘v\jﬁ .})‘b )b}.‘g be

AR

b eIl a5 —0-Y
O Slr s iAo 5 peesle 55k G SIS el
e 3lie 3 d eyl Sl S0 AL e 5 e
2 s ol mis  0SUS gl s wj
FOW PN -t W CO PP POV P SRUP RO
sl 4 by @L:J Lo ol o okel s @L:J'
Slegt Sladised 5 il Slies s 355 slasll
O3 e bl Bl chle VL Cobae 3 el
Sl glos ol bedlea (Y Jodar) Lag (s 500
S g5y g obiladl s O3 as s MTGase, il
S o3l b gl s Iy Aoy s il b fe L
a3 (F Jpds) il gals (58 k) VL
W3 53 Fes Sen Y0 51 o el L s b o i
£0°C 570 llad slos 53 T 70/0) Lodd Slas 5o
I8 s § ms £0°C e o r;_j-ﬂ'/.'/ﬂ‘ ckle by
e oS sl DL o il gladisad o3l s (1
03 33 AAA 5 J S Wsed )5 Lo 3 AVIVA) Ha g O3
S bl (e pl Aoy /oY ke boedd Sl 4
] oLKes 5 Sharmaws 31 e ey S V00 51 i
e s Sreme i e b eslul [ov] Tuohy s [¢
SV 5 A0 LS |y AL (S S el g
55 [oA] oKan 5 WOO s ses (3)l58 e Sen YT
P by S sl G ol @l L oalis ouls
el s S 00 1 SEMY iy, e 6ol
[0a] Masters. iz nl mbs GOt 2 dora s sl
G SKiast hau g odel Casts 35 S5 45 54e0 Ol
0 5l S ik ol Wk S s el s 23k
s St Sslize Jaul b Vans| Lol il o jzeg St
S 5 s b Sl anlp Ll ol IS5 £ k)
3 osos ool ShlE (SIS Gl 22 s s
e Wig e o Db oIl Sl e 5 (o,

Asbeds SIS @l s okt

1. Scanning electron microscopy



et 52 Sbeel I8 Sl 5 m T slag U s

O‘)L&ﬁ)ﬁv\:&iﬁ'w

A review. Comprehensive Reviews in Food
Science and Food Safety, 11(5): 518-528.

[5] Straatsma, J., Van Houwelingen, G.,
Steenbergen, A.E., and De Jong, P. 1999.
Spray drying of food products: 1. Simulation
model. Journal of Food Engineering, 42: 67-
72.

[6] Henning, D.R., Baer, R.J., Hassan A.N., and
Dave, R. 2006. Major advances in
concentrated and dry milk products, cheese
and milk fat-based spreads. Journal of Dairy
Science, 89: 1179-1188.

[7] Farkye, N., Smith, K., and Schonrock F.
2001. An overview of changes in the
characteristics, functionality and nutritional
value of skim milk powder during storage.
U.S. Dairy Export Council (available at
www.usdec.org).

[8] Moreyra, R. and Peleg, M. 1980. Physical
properties of food powders. Revista de
Agroquimica Y Tecnologia de Alimentos, 21:
322-329

[9] Fitzpatrick, J.J., Igbal, T., Delaney, C.,
Twomey, T., and Keogh, M.K. 2004. Effect of
powder properties and storage conditions on
the flowability of milk powders with different
fat contents. Journal of Food Engineering,
64(4): 435-444.

[10] Bodhmage, A. 2006. Correlation between
physical properties and flowability indicators
for fine powders. M.Sc. Thesis, University of
Saskatchewan, Saskatoon, Saskatchewan,
Canada.

[11] Singh, H., and Newstead, D.F. 1992.
Aspects of proteins in milk powder
manufacture. In: Fox PF, editor. Advanced
dairy chemistry, vol. 1. Proteins. 2nd ed. New
York, Elsevier Applied, Science Pub., p 735—
765.

[12] Lorenzen, P.C., Neve, H., Mautner, A,
and Schlimme, E. 2002. Effect of enzymatic
cross-linking of milk proteins on functional
properties of set-style yoghurt. International
Journal of Dairy Technology, 55(3): 152-159.

[13] Sayadi, A., Khosroshahi asl, A., and
Madadlou, A. 2012. The effect of
transglutaminase on the chemical and textural
characteristics andmicrostructure of low-fat
white brined cheese. Food Industry Research
Journal, 22: 19-28 (In Persian).

[14] Ho, M.L., Leu, S.Z., Hsieh, J.F., and
Jiang, S.T. 2000. Technical approach to
simplify the purification method and
characterization of microbial transglutaminase
produced form&reptoverticillium ladakanum.
Journal of Food Science, 65: 76-80.

[15] Kieliszek, M. and Misiewicz A. 2014.
Microbial transglutaminase and its application

AR

ol > e Gl 3 Il RIBl s 6 kST
Wy b Oshe sy Olge 4 5Ll S Gl 5 Sl Gas
o @l A el oy (g Sl sart s S
SarbslS ol 3 sl b e Dl b oS sl OLaS Gedos
WSl el s S sl (MTGase 5 S
bl 5 1 035 BLSIL oMoy il R85 o (s,
O3 Aoy S e S5 se 05, 5 O VL
Ol bl a5 3l oy ladised 53 i)
chle LI (S (oS SO e il Rl
S 3y Ol ookl MTGase 3l el sl s
y rw'j doys /oY i 3l eslinal b as cp e 5 BL
ol s cele ¥ oode w0 £0°C slos 5 e B L
“S5s ss 2 bl sl 5 5Tl b 4 gL
31 esbizal Vazs| o o5, cilire laes sl 3 5l sl
3 ey e oDele B o glaes sl s o35y e
slaesyslp asles) oo NV pame 5 (o gla s
5 bady oy gleeassl g (U s Gl 25 S

J:ﬁdw&.;&trpw ;@)]wxbj& (eJ:P

SN Bl =0

sl Sl s el e e Oy 5 ahe
ol b mle s saslis il (o5l 5 s

Al e el Gl ) S Sy cul Ol

gl =

[1] Ozkan, N., Walisinghe, N., and DongChen,
X. 2002. Characterization of stickiness and
cake formation in whole and skim milk
powders. Journal of Food Engineering, 55(4):
293-303.

[2] Nijdam, J.J., and Langrish, T.A.G. 2006.
The effect of surface composition on the
functional properties of milk powders. Journal
of Food Engineering, 77(4): 919-925.

[3] Kim, E.H.J., Chen, X.D., and Pearce, D.
2009. Surface composition of industrial spray-
dried milk powders. 1. Development of surface
composition during manufacture. Journal of
Food Engineering, 94(2): 163-168.

[4] Sharma, A., Jana, A.H., and Chavan, R.S.
2012. Functionality of milk powders and
milk-based powders for end use applications —



\T‘d\-\ J‘b}ﬂ u\i 092 A G)Lwi

e GL«.«&_}f}l&

Localization of potential transglutaminase
cross-linking sites in bovine caseins. Journal
of Agricultural and Food Chemistry, 44(7):
1943-1947.

[28] Han, X.Q., and Damodaran, S. 1996.
Thermodynamic compatability of substrate
proteins affects their cross-linking by
transglutaminase. Journal of Agricultural and
Food Chemistry. 44: 1211-1217.

[29] Ikura, K., Yoshikawa, M., Sasaki, R., and
Chiba, H. 1981. Incorporation of amino acids
intofood proteins by transglutaminase.
Agricultural and Biochemical Chemistry. 45:
2587-2592.

[30] Nonaka, M., Matsuura, Y., and Motoki,
M. 1996. Incorporation of lysine- and lysine
dipeptides into sl-casein by Ca2+ -
independent  microbial  transglutaminase.
Bioscience, Biotechnology and Biochemistry,
60: 131-133.

[31] Rodriguez-Nogales,

J.M. 2006.

Enhancement of
protein cross-linking by preheat treatment of
cows’ milk: a statistical approach.

International Dairy Journal, 16(1): 26—32

[32] Dickinson, E., and Yamamoto, Y. 1996.
Rheology of milk protein gels and protein-
stabilized emulsion gels cross-linked with
transglutaminase. Journal of Agricultural and
Food Chemistry, 44: 1371-1377.

[33] Imm, J.Y., Lian, P., and Lee, C.M. 2000.
Gelation and water binding properties of
transglutaminase —treated skim milk powder.
Journal of Food Science, 65(2): 200-205.

[34] Mizuno, A., Mitsuiki, M., and Motoki, M.

1999. Glass transition temperature of casein as [23] Arciszewska,

affected by transglutaminase. Journal of food
science, 64(5): 796-799.

[35] Modler, HW., Larmond, M.E., Lin, C.S.,
Froehlich, D., and Emmons, D.B. 1983.
Physical and sensory properties of yoghurt
stabilized with milk proteins. Journal of Dairy
Science, 66: 422-429.

[36] Domorackyi, S.S., Kycackova, V.E., and
Ishevskyi, A.L. 2000. The influence of
different temperature of fermentation on
restructured semi-finished "economy class"
products with transglutaminase application
production. Saint-Petersburg state University
of Refrigeration and Food Engineering, 664-
669 (available at processes.open-
mechanics.com/articles/355.pdf).

[37] Aprodu, I., Gurau, G., lonescu, A., and
Banu, I. 2011. The effect of trasglutaminase on
the reological properties of yoghurt. Scientific
Study and Research, 12(2): 185-196.

[38] Sarabandi, K.H., and Peighambardoust, H.
2015. Effect of some production parameters

kA

in the food industry. A review. Folia
Microbiology, 59: 241-250.

[16] Yokoyama, K., Nio, N., and Kikuchi, Y.
2004. Properties and applications of microbial
transglutaminase. Applied Microbial
Biotechnology, 64: 447-454.

[17] Guyot, C., and Kulozik, U. 2011. Effect
of transglutaminase treated milk powders on
the properties of skim milk yoghurt.
International Dairy Journal, 21: 628-635.

[18] Babiker, E.F.E., Matsudomi, N., and Kato,
A. 1998. Masking of antigen structure of
soybean protein by conjugation with
polysaccharide and crosslinkage  with
microbial transglutaminase. Nahrung, 42: 158—
159.

[19] Lauber, S., Henle, T., and Klostermeyer,
H. 2000. Relationship between the
crosslinking of caseins by transglutaminase
and the gel strength of yoghurt. European
Food Research Technology, 210: 305-309.

transglutaminase-induced [20] Sanli, T., Lezgin, E., Deveci, OSenel, E.,

and Benli, M. 2011. Effect of using
transglutaminase on physical, chemical and
sensory properties of set-type yoghurt. Food
Hydrocolloid, 25: 1477-1481.

[21] Motoki, M., and Seguro, K. 1998.
Transglutaminase and its use for food
processing. Trends Food Science and

Technology, 9: 204-210.

[22] Trespalacios, P., and Pla, R. 2007.
Simultaneous application of transglutaminase
and high pressure to improve functional

properties of chicken meat gels. Food
Chemistry, 100: 264-272.
A., Cegietka, A., and

Mroczek, J. 2004. Effect of transglutaminase
and sodium chloride addition on properties of
batters of chilled and frozen chicken meat.
Acta Scientiarum polonorum Technologia
Alimentaria, 3:19-25.

[24] Giosafatto, C.V.L., Rigby, N.M., Wellner,
N., Ridout, M., Husband, F., and Mackie, A.R.
2012. Microbial transglutaminase-mediated
modification of ovalbumin. Food
Hydrocolloid, 26: 261-267.

[25] Téllez-Luis, S.J., Uresti, R.M., Ramirez,
J.A.,, and Vézquez, M. 2002. Low-salt
restructured fish products using microbial
transglutaminase. Journal of Science Food
Agriculture, 82: 953-959.

[26] Sakamoto, H, Kumazawa Y., and Motoki,
M. 1994. Strength of protein gels prepared
with microbial transglutaminase as related to
reaction conditions. Journal of Food Science,
59: 866-871.

[27] Christensen, B.M., Sorensen, E.S, Hojrup,
P., Petersen, T.E., and Ramussen, L.K. 1996.



et 52 Sbeel I8 Sl 5 m T slag U s

O‘)L&ﬁjﬁv\:&iﬁ'w

Science and Technology Research, 13(1): 28—
34.

[49] Alp, H., and Bilgkli N. 2008. Effect of
transglutaminase on some properties of cake
enriched with various protein sources. Journal
of Food Science, 73(5): 209-214.

[50] Faergemand, M., Sorensen, M.V.,
Jorgensen, U., Budolfsen, G., and Qvist, K.B.
1999. Transglutaminase: Effect on
instrumental and sensory texture of set style
yoghurt. Milchwissenschaft, 54: 563-566.

[51] Truong, V.D., Clare, D.A., Catignani,
G.L., and Swaisgood, H.E. 2004. Cross-
linking and Rheological changes of whey
proteins Treated with microbial
transglutaminase. Journal of Agricultural and
Food Chemistry, 52: 1170-1176.

[52] Hoseyni Aghdam, S., Dezyani, M.,
Ezzaati, R., Yasini Ardakani, A., Daneshi, M.,
Laripour Harat, R. et. al. 2013. The Effect of
Microbial Transglutaminase Enzyme on
Textural and Sensory Properties of UF cheese.
Iranian Journal of Nutrition Sciences & Food
Technology, 7(5): 481-487 (In Persian).

[53] Qiao, L., Jiazhen, P., Zhiying, H.,
Jiangiang, B., and Qiannan, X. 2013.
Characterization of WPI-NaCas composite
films modified by transglutaminase. Scientific
Research and Essays, 9 (9): 391-399.

[54] Yamazaki, K., Naruto, Y., and Ueda, Y.
2005. Effects of microbial transglutaminase on
mechanical properties of sponge cake. Journal
of the Japanese Society for Food Science and
Technology, 52(5): 219-225.

[55] Ganesan, V., Rosentrater, K.A., and
Muthukumarappan, K. 2008. Flowability and
handling characteristics of bulk solids and
powders-a review with implication for DDGS.
Biosystems Engineering, 101: 425-435.

[56] Lumay, G., Boschini, F., Traina, K,
Bontempi, S., Remy, J.C., Cloots, R., and
Vandewalle, N. 2012. Measuring the flowing
properties of powders and grains. Powder
Technology, 224: 19-27.

[57] Tuohy, J.J. 1989. Some physical properties
of milk powders. Irish Journal of Food Science
and Technology, 13: 141-52.

[58] Woo, M.W., Daud, W.R.W., Tasirin,
S.M., and Talib, M.Z.M. 2008. Amorphous
particle deposition and product quality under
different conditions in a spray dryer.
Particuology, 6: 265—-270.

and storage time on the flowability
characteristics of spray-dried malt extract
powder. Iranian Journal of Nutrition Sciences

and Food Technology, 10(1): 51-60. (In
Persian)
[39] AOAC, 2000. Official Methods of

Analysis. 17 ed., Association of Official
Analytical Chemists, Gaithersburg, Maryland,
USA.

[40] ISO, No. 787-11. 1981. General methods
of test for pigments and extenders — Part 11,
Determination of tamped volume and apparent

density after tamping (available at
www.iso.orgfiso/catalogue_detail.htm?csnumb
er=5087).

[41] Jinapong, N., Suphantharika, M., and

Jamnong, P. 2008. Production of instant soy
milk powders by ultrafiltration, spray drying
and fluidized bed agglomeration. Journal of
Food Engineering, 84(2): 194-205.

[42] Kwan, S.W., and Easa, A.M. 2003.
Comparing physical properties of retort-
resistant glucono-delta-lactone tofu treated
with commercial transglutaminase enzyme or
low levels of glucose. Food Science and
Technology-Leb., 36: 643-646.

[43] Chegini, G.R., and Taheri, M. 2013.
Whey powder, process technology and
physical properties. Middle-East journal of
scientific Research, 13(10): 1377-1387.

[44] Jooyandeh, H., Mortazavi S.A., Farhang
P., and Samavati, V. 2015. Physicochemical
properties of set-style yoghurt as effected by
microbial transglutaminase and milk solids
contents. Journal of Applied Environmental
and Biological Sciences, 4(11S): 59-67.

[45] Prakasan, V., Chawla, S.P., and Sharma,

A. 2015. Effect of transglutaminase treatment
on Functional Properties of Paneer.
International Journal of Current Microbiology

and Applied Sciences, 4(5): 227-238.

[46] Onur, O.A., and Kilic, B. 2009. Effect of

microbial transglutaminase, sodium caseinate
and non-fat dry milk on quality of salt-free,
low fat turkey doner kebab. Food Science and
Technology, 42: 1590-1596.

[47] Ahhmed, M.A., Satoshi, K., Kazuyoshi,

O., Koji, N., Takahiko, S., and Michio, M.
2007. Differentiation in improvements of gel
strength in chicken and beef sausages induced
by transglutaminaseMeat Science, 76: 455—
462.

[59] Masters, K. 1991. Spray drying handbook [48] Yamazaki, K., Naruto, Y., Nakamura, H.,

(5th ed.), John Wiley & Sons, New York, p
725.

\EY

and Takahashi, K. 2007. Improving the
breaking properties and oil absorption of bread
crumbs by microbial transglutaminase. Food



JEST No. 66, Vol. 14, Aqu 2017 ABSTRACT

Effect of enzymatic treatment of milk by transglutaminase on
physical properties of low fat milk powder

Jooyandeh, H.!® Namvar, H.? Niakosari, M., Hojjati, M .*

1. Associate Professor, Department of Food Sciendd anhnology, Ramin Agriculture and Natural Resesrc
University of Khuzestan, Iran

2. M.Sc., Department of Food Science and TechnolBgynin Agriculture and Natural Resources University

Khuzestan, Iran
3. Associate Professor, Department of Food Sciend& anhnology, Shiraz University, Iran

4. Associate Professor, Department of Food Sciendd anohnology, Ramin Agriculture and Natural Resesrc

University of Khuzestan, Iran
(Received: 2016/07/04 Accepted: 2016/11/08)

Converting milk from liquid state into its powdesrin increases its shelf life. Milk powder can be
stored even at ambient temperatures for about eae without considerable loss of its quality.
Different kinds of milk powders have specific agplions in food production. By improving quality
parameters of milk powder, manufacturers are ablerdduce foods with more functional properties
and higher quality. Microbial transglutaminase (Mag8s) by intra- and intermolecular cross-linking
of molecules between various primary amines, peptidnd proteins is capable to modify food
structure contain proteins. The aim of this stuéswo assay the effect of MTGases treatment of low
fat milk (1.5 per cent fat) on flowability of milkowder. For this purpose, five levels of enzyme
concentration (0, 0.005, 0.01, 0.015 and 0.02 paet)at three time-temperature conditions (35°C for
8 h, 40°C for 4 h and 45°C for 2 h) were appliedsttts showed that enzymatic treatment of the milk
led to a decrease in bulk and tapped density of rtti& powder. Furthermore, as enzyme
concentration increased, amounts of cohesivenedscampressibility of the milk powder were
decreased. These condition resulted in a produbthigher flowability and quality. Based on results
obtained from statistical analysis, the best flotitgbwith respect to the lower adhesiveness and
compressibility of the product was achieved by ematyc treatment of the milk at 45°C along with
0.02% enzyme concentration.
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