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'*Hydroxypropyl methylcellulose

-2621-



o 0,555 o 9 Comr 9 (Madlipm 0,555 (oo
olp! 2138 buo g pgle

VFe¥ Cllguuo,l VY-Y

b e 90 8 (S LB 1B c) 9590 059,T0 (5l 0,90 g o T Ul az 2 YV gles o )0 eyl (g
B sk 4 05 outs ealiul (HPMO) Joks Joe Jmagp (oS 9,00 5l Wil 6 s 5o o5 Jsiillo 5 555598 (sl
FB sk a6, Jsb 50 555558 sl sla)l eFgn P e (nl jo . cdl Gl o) oley b s
Sl ey e o)l (5 LY HPMC L) (o (nl b og Jswidle ol slo)biniip n 5l 5Y0 s
Zhou et al., )sls oS =g JB job 4y 55, YO 51 G YVIAR T g $YIAY Vo 5 |y Joudlo g 595579,8 5 (xio
Ll Jols Jsle i J> Lol jsb & HPMC a5 Slej 95 o0 0318 Cemns HPMC Conle & YWzl i 01 2022
3,95 1 5SS b as suselS sle JsSdge c HPMCodale o138l L puen (Lim et al., 2021)s .5 oo I3 <l g onls
OeSgn e ) e (b e bl Gl iols JSaS (gaudalS 4l Sy 5 w5 )18 o se wig S s S
GoislS A a5 I 45 55 e 00l o T wtile SzsS slasSsn &zl 4 Bitar (g3l wid Job o laly
58 Ggemliliond 4 e 4z (o conl a il 2U 4 | Sos8 s sSse (nl S ;> HPMC Lawgs oud oS5
Luet)ans oo a5 1) o)y (uiigp (e (I8l 45 990 (o0 (Gutgn (5 009 laaSed S5 )0 13U 5 (e n

(al., 2016

(B) Jouidlo 9 (A) 595599 ol sla)b (puiigy (w50 Ol i ) S
b (9 oY 90,8 (5l Helw Juwio Sy owS930u2 % ()5 IY % (), < /0% ( ) V\% (), Y% ()3
seké(Zhou et al., 2022)uis ool

P T LS plal (atisn (6 adyd odd 09T MPCBO sl (g 0 5laS 3l oslial (Sl 4 Ko (o3l 50
70 6LQLAQ B IR Qj).-...j‘ OMA.,.Q) 6Lb)La LJ"’i"j)J W) Q‘J)J 039y Y 6)‘-\.@‘1 0,99 u_ia o ..\.305.3 W) d.]}n)S wj"jj"
0als g ST slo )by g iy (6 2eS SBvw (g5lwo S UL o Lol Lads 1) 5w ol jo ol 5 ol ax 0 VY-
S5l slales plad o 0uis #)al MPCBO L ol adgs (sl )l g o b anslie jo ol 5 ol 4> 0 YO sles o
MPCS80 ;| s o> 9 S8 job a4 ol Kl a> )0 O (slos ;0 00l 39 2SI MPCBO Losciilas (g ) pre Dol S5v

.(Banach, Clark and Lamsal, 2014)s54 |l 2595 Jaame,s ol,8 lo az 0 1V glod )5 0uls 04 S|

"' Milk protein concentrates (80 g per 100 g protein)

-2622-



o 0,555 o 9 Comr 9 (Madlipm 0,555 (oo
olp! 2138 buo g pgle

VFe¥ Cllguuo,l VY-Y

Hb 9 Jpamo (o9 Liosli g8 jud Ol puats' (o y 0 (V
Jaazo 65105 Job 0" OF cadlad Wl i’ (4l o (o y 2 (Y-

Bl yd aiile mlo slo Cupd b 0950y @ g iile (aLS Slagetis p oS 5l eslinal (Bl 4 (o) S
an dw Sow 4 (Ol 4z j0 Ve glod o jo B0 lgp s Cugb ) ool J S Lyl g0 Jeicdle g 54559,8 oS
Ot SIS 09 Bamliyed Cuyd 59956 (eiig p 59l &5 ()b (g p Sl Bl )b g p Jpaze ;0 65l
Cdled a8 gl 01 59359 Bl Syt g Ligw e 3l 4T )k s SRS G 3l g (V) (ol collad
(010 ST (auiS (5908 o Sidm) g mlie Sl 4y a5 Ko anlllas G ,s (Malecki et al., 2022)s (¢ 10A) ]
he ¥ Sae 4y (SUS (55'95 50 g 5 Lok e leeedaSaid sle el ey 2l 5 0956 cailiald g i
SN (155, b ol ya (oSBT (g 1 5l o 4t Jb (eig s 4 bgepe 2l Clad e o i a5l it wuzs o
3oad aitle slajl (Sgn o (SIS S'5) gt Selz 3l ead g )b e @ bape ol b op eS
(BT sled ;) 6, Jsb yo |y o wiged (5 )luky a5 widg2e PO 5l e AW hls Ligm 5 9976 (2l yd Sl 0e59
355 iy ol Calnlin iogy < 1PO31 VL (f clled syl daly uisn plo S 00 el (529,500 3 )l 9
(oo 58 5 o sla g0 o8 > oaimo i ol (San ol cudled (al33l s 6K 55 mly sled Lyl 50 oS
&l el 5,505l o (Matecki ef al., 2020)05l glosgs 5 4 S o o jplo ciwdl G olgie 4 a5 ol
5IBY 5 o)l gol> haid BY (LS )L sle 4S5 g oo i oJ1s 5 5 of] (g5ban lado g5l BV),L oty p &9 4w QW)
F) s 5 (1,5 cle 4z 07Y) Lo slos 90 40 5 anle ds (6,l0455 0,90 ST 40 (gd 9> slo 4T 5 Sz glls 5
s 3 BY Aigad )0 AW iy S 5 azcdls 13+ [8F—+ [FA osgamme 3o ] Cenllad adsl oo ey plowil (31,5 il a0
ouds Gialesl o)l (ntis p plad 1o (425 BB jsbo 42 AW e (5l 050 ole ¥ Jsb o (Jl> 1l b o9y BY wigad 5o
BY )L ouigp g (IAY) ol cdlad o 5YL glyls BY L optig ol 5 ciles am 50 F sloo jo (Y ISl azsl i3l
cdlad 5 (/YY) BY L g ol codled ol 5 il ax 0 YY sloo 0 a5 Jb> 0 e ((IV0) ol cudled oy 1S (sl ls
3y90 byl 90 12 3 (BYsBY (B ) b diged o 5 lobiae (5 l0] gl e ( A, 9b 4 040 (+/VF) BY Jb opf5sp o
(Szydlowska et al., 2022)55 aW ;)50 (9 S sl BY b 5s 5 9 (P </ 0) cuils 5929 AW o gas ;o axlllas

® water activity

-2623-



o 0,555 o 9 Comr 9 (Madlipm 0,555 (oo
olp! 2138 buo g pgle

VFe¥ Cllguuo,l VY-Y

NS5 oy W Jgb 40 suds iwlejT OY paxe (aW) Of cadled ¥ Sl

(Szydlowska et al., 2022)s1,5 c5lw a5 30 YY sbes yo (B) 9 91,5 ilw az40 F slood 10(A)
o Milo STy 51 (Y-Y

9> JosS loogS o (0gd g0 LS 3 miilnd b logd sle STy plsie 4 45) oMl ST
O3l jsSlS el Cale po a5 Ssde el lapeSisn 59y (T el sleegS g eaiiSlal slaslms S
O S bl ay e g wigdee Joloel sle ails Djg0 a4 le elig gy sl &S 5D o0 et slo s ge
aw godgaze ;o o, ke slo STy (Loveday ef al., 2010; Zhou et al., 2022) %598 oo ) (uiig ooy Sloged
ollal pabs b 2l oS5, byl 4 e wiil o 0,0l sla STy il o Gl pas s YU glos o 5e /5O /YD

(Loveday et al., 2009)azas |3 36 cov oz b a1y S1de 33,1 asiley oo g disd
Sy et 2 0,k STy 51 (V-Y-)

3l Sln s 4 adgl Slse loe 4 Jodlo b 59557558 5 maons DL 5l oolitul b (ool (g cadlllan S5 5o
Slyesd oyl e 6, Gloy Do Jsb 5o 9 Mile sla STy (i 5 (HPMC) ol bt s (o5 55000 S
Sleds )y (eig Ao 50, sasy 2 039, YO (6,40 0,50 Sy |y Lol (i 5o 05T el S 5 5 (AE) S,
4 6)IS gl Sae Job )3 595558 sol> slayl (g p sl (LS (6l ey Bde Job o 1) shos S S
03 yiS 3 Dble (g yiiSTly i oyl g 10 D990 iy p 9 B (glial wad o Lid AT W0l gl oged (5 ien l5me
S 8ad e Joille b 595558 (iRl b ez BB ok 4 lajl (g ot Sloged o blie 3 a8 S 15
HPMC cdale yil538l L AE jo s a0 5 0L8l 150 4 HPMClawgy o> UAE o8 (545598 (g9l> sl )b (59
oo HPMC a5 sls olis ames opl ols olas AE 15 plp jo 1) Casglie op 5YL Y72 HPMC oS (5 0k 4 2l ials
0,95 adsl Jolye jo e falS (gile 0533 Jsb o 1) 555558 ool sla b o n oob sl esd Fge ssb 4 wilss
Ol b eaned 25 9 0hle STy coniSTal loasd 4y on 5l sl oasle (Bl g s pas Bds @ Gl 0 6l

" Maillard

-2624-



o 0,555 o 9 Comr 9 (Madlipm 0,555 (oo
olp! 2138 buo g pgle

VFe¥ Cllguuo,l VY-Y

Sgiee Loeiisn JF15 53 i ol (b 4 (S 5le ;0 Sz 00isS Lol 08 slo J5Sge o iws (2581 5 o
Loyeiig n (S o5 5l (69u3slS sloaSied JoSis azme )0 a5 0l (S il 4o oy (geeliljaee wle HPMC (39531
(Zhou et al., 2022)s 5 ¢ 5ol Sz>s5 glo JsSge il b

(B) Jgiidlo 9 (A) 35359,8 591> (A, B) , AE @l i ¥ Ui

Ol o ¥ g0y sl Fokw Juio Jugy ewSayaue % (), /Y % (), /0% ( )% (), Y% ( )
sbeké(Zhou et al., 2022) v solisw!

G018 5m) S oaiiS s o b oy T (g Al g b (e 2558 (e sk e Y90 B (o) 2 S
Ol s andllae Job ;o o)l 559 0 den aS oo yLid 059, YO (6,10455 0,95 <SG ;0 (55559,8 9 <Ly gl «STlo 0900 o )L
o 4 Ky 50 il ol L o2ie 5, 51 ) kg BB S e ey ol (g gl Lol wisls L | (S,
3l S (e gy S 5 (IS pobo el 00ls £ (655 b 50 el 0D Sloged SlS 5 Gl
oy o (Keefer et al., 2020)54s oo 0,5 layy] S5, loy caddS L aS 05d o0 (2ol (puiigpn ddg 4,20 o0l
Y Uj 0l 4.!9.‘0)3 g f)fV’ l.a‘SJLQ)L‘ g J..Lo o a5 ouls 4.....4}.» l.a 0l Qﬁf’;.j‘)mu.‘.bjf 0)3.3[.«.».25 )f..o.é
WA 08 yinS Ky i 20 g5l 0,33 Job j0 oauid ZMol MPCBO L ool ags (sl )by (g ciods (5,00 5,
obey Goe Job ;0 IS K5 il a9 0,5 oloul (gloged STy ol i o Kl az 0 VY - sles o a5 MPCBO
b SalS K e 00l 99 5w TMPCBO (slo )Liytig y 10 090 ,3,l00k oolo 1l b oo agd (sl )b 59 10 (5 )lSS
Banach, )oiS o oS 05 0 PDble slo STy j0 4 sl Slapel s 4 o U S5 axwgy a5 0 )5 oyl ies

(Clark and Lamsal, 2014

S3T (5 ol S 0 Mlo STy T (Y-Y-¥

Sleow 0 gl gro (ialS bdigal den (el b 555575 ,8 5 puow S5 5l oolainl b ol b 5s 0 (gasdlae 4o
9 )}55)5 63L‘> )Lg U"‘i"jj" 6[.&:449.04 )& J‘)"i LQLQQ"“']' wS)J (P <'/~&) «.L;.)‘J UL“"'"; ‘5)L...4 o)...‘>.5 J}]a ).b é‘)] u.uﬁ]
SRSV YAYIY o7 g VYNY-YAIE-Z s (oKl amye YV sles ,0) o)l 59, YO 5l o Jsiedlo

-2625-



o 0,555 o 9 Comr 9 (Madlipm 0,555 (oo
olp! 2138 buo g pgle

VFe¥ Cllguuo,l VY-Y

Wl gla STy o (5l ploy Do Jsb )0 5555558 (g9l )l ety e a5 Sl i LS ol (PSS 08l
4 aS aes o il ol5T lagyal Sz ol lzes Jeddb b 595559 03Kl (Jb cpl bcasl a8 5 (18 0 Dbl
b i 5o g ol e s JB oljT el glgimme (2alS L aS 0gd o 00l s Jolomal (putig p (slgizee il
0,95 39, YO 5l e ol rals gl 59, YV Jsbo jo 1) (s olﬂ C).:.o—‘ oS 5 ool Cews I HPMC (95598 (gl> sl
50 s Jb e sl aiges jo Ol sla crel ols cews 5l e g JB 30 S HPMC/0-Y Tes,lonsS
).-'>T > o |y olﬂ ‘_gl.cso.:.a] ool w3l 4z B yeb a4 HPMC glaclale plod (Joddle 5 (i slo,l (niig
4 olj1 grel oyols cews 5l pl ;o HPMC S ols oylis ol ol o lail 30 a4 (g, YO U YA n) (5,005 0,90
SIS (g0 0,50 ;0 ol3T lacpel oy s 5l ralS jo 4 s5 LB ,..»L, s HPMC 1555 o0 oo Sgame )b (puis
P SUEWW- ) é‘)T 4.'....‘0—‘ 6&05; 9 OJ.J..\SL\Jl ‘5LQ>A.;.§ O wasb )" 6‘4&9.«.?90 J))LLQ 6&’;}““5‘5 as t5:[29—‘ )‘ W‘Q
s el oo Jsb o Ll g sgame g9,0 alege Jsb s anel 5 LS slees,S o515 HPMC b
Sl sl STy Sl 5 Slee 5B sl 5l @le )b (g n sbagm Sl ;3 HPMClawgs ool JoSis SetwYlgSinss

(Zhou et al., 2022)s 4 o

3 o gy o 33T ol 30 Olyusi 9 HPMC Cilizeo polio piG ¥ JSi

.(Zhou et al., 2022)J5~.JL0 Sl (B) 9 59559,8 s9l> (A)

Jsb 50 ST ol (slgione dajl (raiy  diges 3l 09,5 8 50 ol 4l by oo 99 ynST 1od (g 0 HluiS (pwyp o
4?)~> VY 9 Yo LngLoé )é W MJ.: ) oduid C)Lél MPC80 6Lﬁ)l.a Q":"’jj" )Q Q‘)] wﬁ] CaSL: wbls ‘5)’1.\.; o).?:) 0)5.)
(S, 123w j3, U 0als 95 5 STMPC80 sl )y 1 5 1250 ,S oy talS wig ) (g5lwo 3 59, & 5l s ol 5 6l
Ay 5 oaiiz ol MPCBO L ooiiians s, iy )0 (ond olﬂ Q.,,J Sy ail pz>e LB o\)’i Q.,,J oeals
Oliee Crizmad g 0idg il (gilwo S glajg, ,o S0aSe b g lel a5l oS il axy0 VY 5 VO sleles 5o oo
M‘?”"‘Q] w):u YY) LQ)L' U"’&"ﬁ)" 445_04 ).»L.u )‘ ).».QS W) bj/..a...»s‘ MPCS80 6L¢)L u—‘j-'j)-’ I blj U"“J ‘5*..«) u@b’
39 5uSTMPCBO (sla )b vy p 5l aws o] 10 1) 0 le o sloged ol Ko (359,58 51 o MPCBO o oy 3]
Jdo s ol F ool az 0 VY sloos jo 00l 4l (gloyly (g 00 omin yiaS KTy i a4y 45 b 00,5 Sgase 00l
oyl efgn &)l ploy wae Jsb 5o o Mhle STy 0 &S00 sl 65T i sl Yleimt o Phle ol (sl 0ged

.(Banach, Clark and Lamsal, 2014)s-b

-2626-



o 0,555 o 9 Comr 9 (Madlipm 0,555 (oo
olp! 2138 buo g pgle

VFe¥ Cllguuo,l VY-Y

a Loy Sl g )L (00 Jpame (Ssls) 5 plerdsSesd Sy 2 55U Jelse oy addllas cl 5o
ol Loyl (g (o St i g A 2 S padlSie 0D 10 ) (5 )I0eSS 0,90 J5b )3 jletig p kS S50
O S 3l 6 S sl il Sty 5l il oo 9Mhle le (iaSTy 5 5B (gslulaz (ol O ples il (gl b S
OO SiS (g 9 9,0kle slariSTy e sln o a3l e g Lo B (b (0938 (g p bl @ Ol (o0 @ 5
Nlgies ok Jeto Jeign (=S5, 93slS 5,008 a5 cenl ool plis wlalllae @l 20,5 o)Lal o5 B L 2l (6 !
Sy 05 oolinul T (g S aile Laa> 5 (28U (olgs S5ug sl sk raig 50 el 5 el (2138 0538 S lgie @y
Sy 4 e 45 9,5 oslitul o)l etig p 50 6005 SESS plgie 4 Gl on ) Wsdioo adg ply0 (el oy, 4 &S
slr 2l Olye @ oyl Geign s eolital 51 8 2ol eiign (5 0 8lsS (05 99 28T 098 oo wpllas (8L slo
o S 5 A Sl 5 s BB S L]l aiSes Jos 2l g, le il 5 e alS
e e (lis JB g o> g s5le 050 Jsb 50 kS (e g o] 4305 Lai> 0 1) (6l 0atiS lgacel s 5 wms
GBS By (5938l55) lajls Ul (5 S sl aiS o0 5T sl o)l (g id S a5 Sleladl (615,10

29 Jpame g1598 9 5, ile 0,50 Jsbo )0 Jpame kS La s 5 1S 0051

&b

Anema, S. G. and de Kruif, C. G. K. (2016) ‘Phase separation and composition of coacervates of lactoferrin and
caseins’, Food Hydrocolloids, 52, pp. 670—677.

Banach, J. C., Clark, S. and Lamsal, B. P. (2014) ‘Texture and other changes during storage in model high-protein
nutrition bars formulated with modified milk protein concentrates’, LWT-Food Science and Technology,
56(1), pp. 77-86.

Belcourt, L. A. and Labuza, T. P. (2007) ‘Effect of raffinose on sucrose recrystallization and textural changes in
soft cookies’, Journal of food science, 72(1), pp. C065—C071.

Chen, P., Zhang, L. and Cao, F. (2005) ‘Effects of moisture on glass transition and microstructure of glycerol-
plasticized soy protein’, Macromolecular bioscience, 5(9), pp. 872—880.

Diaz, J. T., Foegeding, E. A. and Lila, M. A. (2021) ‘Whey protein-polyphenol aggregate particles mitigate bar
hardening reactions in high protein bars’, Lwt, 138, p. 110747.

Fan, F. and Roos, Y. H. (2016) ‘Crystallization and structural relaxation times in structural strength analysis of
amorphous sugar/whey protein systems’, Food hydrocolloids, 60, pp. 85-97.

Jawad, R. et al. (2018) ‘Crystallisation of freeze-dried sucrose in model mixtures that represent the amorphous
sugar matrices present in confectionery’, Food & function, 9(9), pp. 4621-4634.

Jiang, Z. et al. (2021) ‘High-protein nutrition bars: Hardening mechanisms and anti-hardening methods during
storage’, Food Control, 127, p. 108127.

Keefer, H. R. M. et al. (2020) ‘Role of sweeteners on temporality and bar hardening of protein bars’, Journal of
dairy science, 103(7), pp. 6032—6053.

Li, J. et al. (2017) ‘Effects of addition of hydrocolloids on the textural and structural properties of high-protein
intermediate moisture food model systems containing sodium caseinate’, Food & function, 8(8), pp. 2897—
2904.

Lim, C. et al. (2021) ‘Adaptive amphiphilic interaction mechanism of hydroxypropyl methylcellulose in water’,
Applied Surface Science, 565, p. 150535.

Liu, D. et al. (2011) ‘Moisture-induced aggregation of alpha-lactalbumin: Effects of temperature, cations, and
pH’, Journal of food science, 76(6), pp. C817—-C823.

Liu, X. et al. (2009) ‘Effects of polyols on the stability of whey proteins in intermediate-moisture food model
systems’, Journal of agricultural and food chemistry, 57(6), pp. 2339—2345.

-2627-



o 0,555 o 9 Comr 9 (Madlipm 0,555 (oo
olp! 2138 buo g pgle

VFe¥ Cllguuo,l VY-Y

Loveday, S. M. et al. (2009) ‘Physicochemical changes in a model protein bar during storage’, Food Research
International, 42(7), pp. 798-806.

Loveday, S. M. et al. (2010) ‘Physicochemical changes in intermediate-moisture protein bars made with whey
protein or calcium caseinate’, Food Research International, 43(5), pp. 1321-1328.

Lu, N. et al. (2016) ‘Molecular migration in high-protein intermediate-moisture foods during the early stage of
storage: Variations between dairy and soy proteins and effects on texture’, Food Research International, 82,
pp. 34-43.

Matecki, J. et al. (2020) ‘The effect of protein source on the physicochemical, nutritional properties and
microstructure of high-protein bars intended for physically active people’, Foods, 9(10), p. 1467.

Matecki, J. et al. (2022) ‘Physicochemical, Nutritional, Microstructural, Surface and Sensory Properties of a
Model High-Protein Bars Intended for Athletes Depending on the Type of Protein and Syrup Used’,
International Journal of Environmental Research and Public Health, 19(7), p. 3923.

McClements, D. J. (2002) ‘Modulation of globular protein functionality by weakly interacting cosolvents’, Critical
reviews in food science and nutrition, 42(5), pp. 417-471.

McMahon, D. J., Adams, S. L. and McManus, W. R. (2009) ‘Hardening of high-protein nutrition bars and
sugar/Polyol-Protein Phase Separation’, Journal of Food Science, 74(6), pp. E312—E321.

Neena Joshi, A. A. and K. B. Suresha, K. V. J. (2021) ‘Effect of Chocolate Coating and Essential Qil Incorporation
on the Sensory Acceptability of Protein Bars’, International Journal of Current Microbiology and Applied
Sciences, 10(7), pp. 229-240. doi: 10.20546/ijcmas.2021.1007.025.

Purwanti, N. et al. (2010) ‘New directions towards structure formation and stability of protein-rich foods from
globular proteins’, Trends in food science & technology, 21(2), pp. 85-94.

Sparkman, K. and Joyner, H. S. (2019) ‘Impact of formulation on high-protein bar rheological and wear
behaviors’, Journal of texture studies, 50(6), pp. 445—455.

Szydtowska, A. et al. (2022) ‘Development of Ready-to-Eat Organic Protein Snack Bars: Assessment of Selected
Changes of Physicochemical Quality Parameters and Antioxidant Activity Changes during Storage’, Foods,
11(22), p. 3631.

Tolstoguzov, V. (2003) ‘Some thermodynamic considerations in food formulation’, Food Hydrocolloids, 17(1), pp.
1-23.

Trzgskowska, M. et al. (2022) ‘Safety Assessment of Organic High-Protein Bars during Storage at Ambient and
Refrigerated Temperatures’, Applied Sciences, 12(17), p. 8454.

Zhou, P, Liu, X. and Labuza, T. P. (2008) ‘Moisture-induced aggregation of whey proteins in a protein/buffer
model system’, Journal of agricultural and food chemistry, 56(6), pp. 2048—2054.

Zhou, X. et al. (2022) ‘Hydroxypropyl methylcellulose (HPMC) reduces the hardening of fructose-containing and
maltitol-containing high-protein nutrition bars during storage’, LWT, 163, p. 113607.

Zhu, D. et al. (2018) ‘Sweet cherry softening accompanied with moisture migration and loss during low-
temperature storage’, Journal of the Science of Food and Agriculture, 98(10), pp. 3651-3658.

-2628-



