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Background and purpose: The growing demand for high-quality
food with natural aromas and flavors, free from chemical additives,
has led to an increased use of non-thermal food processes. Among
these, ultrasound technology plays a significant role. Ultrasound
involves sound waves above the human hearing range (<) 7 kHz) and
is generated by ultrasonic transducers that convert electrical energy
into vibrational sound energy. This process enhances mass transfer
through cavitation. Ultrasound has two primary applications in the
food industry: high-intensity ultrasound for processing and low-
intensity ultrasound for analysis. As a non-destructive technique, it
does not leave physical or chemical residues on processed food,
making it ideal for liquid foods like milk and juices. Its applications
include cooking, frying, emulsification, homogenization, drying,
extraction, and more. As it does not leave physical and chemical
effects on food processing with this technology, it is In the dairy
industry, ultrasound is utilized for cleaning, microbial disinfection,
enzyme inactivation, homogenization, extracting bioactive proteins,
and improving cheese production efficiency. This article specifically
examines the effects of ultrasound on liquids and beverages, focusing
on milk products.

Results: Power ultrasound is a food processing method that utilizes
low-frequency sound waves, typically between 20 to 100 kHz, with
sound intensities ranging from 10 to 1000 watts per square
centimeter. This is achieved through transducers such as
piezoelectric, magnetic, and venturi effects, which generate
vibrational energy. A key consideration when applying power
ultrasound in food technology is determining the appropriate amount
of sound energy for the system, which can be assessed using methods
like calorimetry and chemical dosimetry. The ultrasonic process is
frequently combined with other preservation methods, such as heat
and pressure, to more effectively deactivate microorganisms,
particularly in the beverage industry. Moreover, the metamorphic
technique is often used alongside modern technologies, including
microwave processing, supercritical fluid extraction, extrusion,
Soxhlet extraction, Cloninger distillation, enzyme extraction, and
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liquid/solid phase techniques, to enhance the extraction of bioactive
substances.

Conclusion: This review summarizes recent advancements in
ultrasound technology within the food industry, particularly for liquid
foods and beverages. Although ultrasound technology has been
utilized for some time, its applications in food processing are
relatively new. Different ultrasound frequencies facilitate quality
control and processing. Low-intensity, non-destructive ultrasound
provides a straightforward method for estimating food ingredients
such as shrimp, dairy, fruits, and grains. In contrast, high-intensity,
invasive ultrasound alters the biochemical properties of food through
cavitation. The benefits of ultrasound in liquid food processing are
significant: it enhances emulsification and sterilization while
preserving bioactive compounds at lower temperatures compared to
conventional methods. Ultrasound can break down fats and caseins,
making it suitable for producing dairy probiotic drinks, which reduces
processing time and costs while creating products with unique
characteristics. Potential adverse effects on key quality parameters,
such as color, anthocyanins, and ascorbic acid content, are minimal
and generally not problematic. Additionally, quality parameters like
turbidity may improve with mild sonication.
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Table 1- Difference between high and low intensity ultrasound [9]
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Figure 1- Sound waves and the human hearing threshold
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Figure 2. Cavitation phenomenon: (A) Formation of bubbles by sound waves, (B) Growth of bubble
size during expansion cycle, (C) Bubble collapse and particle disintegration and cell destruction
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" Thermosonication
2 Manosonication
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4 Clevenger distillation
5 alembic distillation
6 osmotic dehydration
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' Supercritical fluid extraction (SFE)
2 extrusion
3 Soxhlet extraction
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Table 2. Application of ultrasound in food processing [41]
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Performance improvement Processing type
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Improved heat transfer resulting in shorter cooking times and uniformity Cooking and frying
o0 ol 5 et Lalde 53 LS alS L Ol e S
Can be cut by reducing pressure in frozen and soft foods Cutting
W5 53 es mS psba 5 el ol mle S aie e 55 Ol 58 Sla S35 5 (G s bl 5 bt (Sast, sl
ol ol oslinal 5gple e 5 la e O ol 3235 500
Intense mixing is a characteristic of cavitation at the liquid/liquid interface and Dispersion, mixing and
has been widely used in the production of sauces and mayonnaise. homogenization

35500 G Gl S 5 Dl s 534S 108 Sl 0503 4 Dlagle 358 55

Improves the penetration of liquids into food, used in vegetables and meat.
3503 3,08 O gl 2l 53 gl B g o (U Ol I s Sl s O S s e 15
i e 3 A S G b L ST oL s
The increased drying rate results from improved heat transfer. Ultrasound is used
in filtration because it improves the flow of water through the filter cake.
Sl S 535 2
Improving meat tenderness
P8 e aSebas 4 e JUs 358 55 Lol pes LS 55 J i glae)l s 02 Sl
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Breaking down cell walls in plants, along with improved solvent penetration,

leads to better extraction and sometimes more targeted extraction of flavors and
nutrients from plants and seeds.
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It can initiate crystallization through cavitation without graining while also
providing efficient heat transfer.
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Marinating, pickling, brine
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Drying and filtration

93 JS 35
Tenderization
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Extraction
dMlJJ\:M.iJS 5 sleasl

Freezing and crystallization

extraction

' Solid-phase micro-extraction

2 Liquid-phase micro-
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Ultrasound can prevent foaming and also provide product stability by removing

gases from liquid foods and preventing oxidative damage to the product, which is

Degassing and defoaming

an important process before canning or bottling beverages.
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" Environmental scanning electron microscopy
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Figure 5. Escherichia coli K12 cells observed with environmental scanning
electron microscopy (ESEM)
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! Mixing and homogenization



EXZ N D)Lo.n.:} dY 8,9 4‘5{'..\.9 b‘,o d)‘.&e‘;ig‘_g)gi)é

aals (IS (DT ol gt e 5 5555,4D
ol 53 X8 0 gl e S T S DU
S 38 g 9 3 laates S5 L Ol peamee
Sl S sy e et e el S
S s Ll TA] 358 e s

I e I PO ST RVERT
el 5l glddslep OS5 C|J_-$h‘:_..~|
e & Ol e el s sl a5 s 5SS
5,5 o Ll (l>) e gl slge 5 (6551 UL
=B L Ll s soled o LIS T W]
SlS 5 gl 5 D8 ol B msel UL
a5l dans JIT o Sle i
Sl ety dady 8wy dapsl g
5 b ple (Sl Ols 5 dealaS ) (bl

Lo

el [W] el 0 i ALS wlis 5lo s
ok 4 Dol b el Lo sl
S s bg e Ol jlndil 5 0 sl 58
L;urlau; 5 o s olalisel syl Cels
B N e e ]
gl el BB oS 5 Gslwalsl 5 s o Sl 5l
S ol AL e JUEl s Je s
5 oo Dpel B s b gl el S e S
o5 U= UL Salie 3l eslinad &8 sl (6 5
SeS W] das e 2alS 1 ol sl anT b Ol
3 el LS 5 sl s [AY] 0L Ses
sdaline 5 L3S ealitul Ssenl b 51 S oS 4l
Lawolis ;o &gl B C‘}*’H-.'LSJ,S/ olae a5 Ws S
L asg ool 4 plaws Slyde dlus s )
S5 et 55 S SelsS ai e VY s
3l alssl s LSS Ul e 5 O g el
o el Sl s LAY 0L 5 (5 o

A Dokl 5k e S5 5 sl

og

Jos TS s 2 UL odd b s Olds S
DNV 552 00 lee 3 bl 0T sl Esls
UL 015 sl 3 0l b T3 53 20 gl S
5SS SalS 5 S 6505 Sl s Gk
sllsé zla o 33T JUE (g i sluas slow)
Bl (55, 4Bl pemd Glaas SIS 55 Ol S
Sy oo (D) JUs 75 5 e a2
Bl 5 oo &gl 2 AT 3 3 S yl8 gl bl ol
5SS leail SRl s T b ol ials o
o Ll il e 33 5 A es b
4L oS spd e il sl ST il
Aas o A L es 5l ey Sl Al
6 Sl b g eld Mg 3l g5 (VY]
5 Wl SU Gl I s b s e o3l O3
NHAE b ols lea__..q) o3ls aalsl 35 S > 4
emen LS L 1) Bl 4 JUs e 5 LIS
L b a6 a8 o slml Sl 05y mla
2S5 OF 31 Soaly das e o3l] 58 S 3
L dal b 0les 5 At a3 50 1 0L cpl b
A e el ) St e s e S
357 e 534S p e Ol 55 5wl L 53
Sk (St by sli il 5l e e 55 Al
Ival xS

LT S s Ol 51 sy Y 055k
Ears Gib 3l adley S ol fals 5 plias
0,5 il (g shae Ol game j3 [AY AT et
Ll ogk 5B aS 35 S e sddesiaals 5 Sk
S35 sl 3l Oles sl B SaS 4y sloasil [VV]
355 ol Kea s das s JmalS | adls S
S SS 5 s SRS ) Sl ol
aolp Jlasl L 7] S o bais |y J s aoms

Lile age sladd glols Oy o )5 sl 3

! Crystallization



Ol g (el (gl | g0l )3 ()l b (55908 32)8 9 Jgeo! 12 5590

Cai b Oy ol Bl w5 [AY] JUT O
ool 3l gl s edalie (L g 4 S )3 ol
I sl SU Sl ol Al SsUJT A 5
s, 86 Ly Ko DUy —ame 51 S Ol pea
al g Sl OF A5 Oledily 5 42515 suaze
ol sl (.S Odb ool 3l Ol
0 e oS L3S eslinal ol glie g n0s i
L8845 5 S e e 55

5 3bemsl sladyTs ' alss slasdl 5 sl
) LT3l s Ja5 s oty O gl S
[80] X oo pasedn Hh3 s 5 2l b
S5 Gl s Ol ey Dol B0 sl S
LS o Jes adsl glaain 3o S Jlg S
G IS s s et O s sl S
Aas g Al | slemil Olaj o Ly JS25
Sl 1y sl bl g s il 4]
Jsl s 4 oyl 3 SaS b oslessl 3 s e
OF o nlien o 5 LS Rl
OS5 e 02 [AVT 25 e 1 slamdl ] 5
A e O s—lislS sk s Lol
ol 3l 5 o3l aalS 5 s g 50 S sladlins S
ol by 4 slaml [VV] 358 e Lay sl sl
S UL L phieslse prman 5 (3lls 5
S5 5 a5 0 ey 8
i 9 [A8] 5 o (AT ape s, s la
el ceslia [V 00 ]

/’”-“L.)”

duf_w.} L A_JT ul.hls :&‘-B}‘y bb;&—;’.
S iy e 5l S L —ailS s S
S5 3 esli ol [WW] il Sldeslge (gl5aK
\J'.’.) C_,.w\ GJQ:S)\}J:.A\)L:WJ. Qb;&;})) g_)).«.d‘)ﬁ
Sl kS 5 Do O IS

00

Sy50 N9y 33 534S Lls OLES LI als 5l ey
Sepl bobs &y—ol b ol b ol (s 2
AL s O sladl a5 S 5 5
6l olwoslel cpimean 3l (g i Jlaszal o35
ssba b P gl ool sl (vij L
L3S et e cpl 05l ol a5l Sl e
Yo gl Al Ol Dol el sl 3 S
A ol S 65kl el 3L Lals azds
Os—ol B Cl}»l ol S5 il 3540
Ol AL O el G a et Jlael (55
Slyrl @ O s ol bl (gl (5,8 LS ¥4 >)
55 AL ] el el eslinud OT 2, 5
Il g sl b mlsal 51 [AO] OIS
(SallS 5 cv ) Olbmesl Ol 5l S
3 oSy gl Al Gl 5 AV DL 5 303 pinr
OLKan 5 aisi s s S esla ] LBy et
& e B ojlas 2l sl LIS Bl [AY]
IS S Al 5 ol gyl S
S sSUE=B 5 IMT s saS ml il ds S
s sbas S ST e ea3l (il 5 [AA]
e Lo )3 &S AAL e gl bl eslin
PV R D SIS ¥ 2 RGO % W SR JLY
e Sl Ol s Ji oS 5 gslwalil Ol
5 DS e o 28 adalte DMk
SIS 5 3 K8l a3 YO sles 3l
333 el o Sl Dl balie o Dpnl
LT P RUFWIP . S (NI JUINTEL
L UL glabes 5 Ol uly J s 503, S
S ssbay Dp ol B Ul Glad 2ol on
(8,5 G 5 Cwamen [0 ] 5 LS jmalS
3 ool (Bl bde 5 el 2l
[4Y 4V ] a5 slased s SlusT ol clles

' Freezing and defrosting



EXZ N D)Lo.n.:} dY 8,9 4‘5{'..\.9 b‘,o d)‘.&e‘;ig‘_g)gi)é

s ey o3It Sl Sen gl esle S e
JL&\Q.;;;&JW%&ASQWAS
Casby bim oy Olej Jals sl b 2l sl
Sar e damD 5o 5 Al Sl 1l
Ll o B Ol geame (655 5 8L Olw gy
L ool Jsl glann] b e w oy ol b [VV]
Jsl ets sy [Vo] OLKaa 5 SLS aas o 153l
anllas 5 40 l)ch.ﬂjz Sgeol 3ol el b ol ~
b ol il S Wy oL 5 ASsls 13
S er Dol Ul 5 Gl oS sl

25 Jlasl 554k s il b o
Dyl gl sl (S5, ol
o1 O D e L 1 a5 s ol S
S G s [VV] das 2alS 5 il S U
b S o VAl L 5 Uohllr au g
5 S Gl s gl A US e e
ol Gl ki w3 g6 S il
Oboy los a4y amr 5 b oS s o malS' 1, 5 (g5
Lt S5P5 ol Ml ol B 015
SN b b [V04] Ol e 5 bl s i
gl g oS o Sle i s oo O
St Sl edddd 5 Cle L oo j5 5 s sl 3
e 3 e 1y el B0 g0 Joliie s, L oS
ks Ol 335 508 L3S sdal i 5 Lisls,l 3
030 4 Ol s gen b el 3 Oy ol 3
5 Sl ipen LB GRIH o pe Solls
2 Sele 52 O (eSS i b
PH w3l &y ol 3 1 s S0l gla sl
Lile o (Bl edS O Aol Ol Ly S5 0
S laalis glalde a5 s VY ]
Gib Sl sl b el Sl el L 0as U3
LG be s slat o b O gl 5y ack

Ol Gladiges 53 PNV ] ol il 2alS g

o1

(a8 wle Dl 4l slalds
235 S S L VOV ] Dl e 5 Lo s
L Joeme Gl St @ ol 5 0mly le
Ll o oyl p ] 55 i Df Slsa
S5 ol SeS Ulpea by sl i Ol sean
e e slse 03 St 53 Kos glaiss b
DY) osdos s

Ol gl 3l ccadises slge o :@L:\.'s:ly O3ls g
Syol b sla iy sleslawl b o, i b as S
S By L;LAV_.MNJKA G S 2lle slyls
Do e gl i las 8 51 SOV Y] e
S a8 Crmse gl 2ol gldeslge O3ls
5 5 JAlS gMeslse Osls B sl U
Eslge o s aS das e ulsl ] LS sl
b ogal3 glaes 51 Ay e oy S L
Soye oalS She [VV] 558 o eslinal g QL_J;.)T
53 ke Sl SO S OIS e 1y e sl el
et s 4 O GlasslS slazel 53 5 5 4
.:\:Q,.t_wjgzj_.pl)éclyl Syl B es -
JB sba ool b gl &S das e 0L @Lﬁ
Aas e pals ) a5 S sl 59,0 s
&gl b Jlal ol 3 oas e udl.e.sclamc;elf
TUR FOY S WL U PN €1 S NVCIE AR P
ATl Bl plieslse 2 [V E] Ay
L glpai—s Ollas 5 obml g 5 LB (6 —
> 3k Ll eSS pl [V 8] A8 e Jre—es
W e 5 el 5 S8 e
e jeS Slauls 5 Jpmame obmlr 035 Pl
}ag@d@ouijfx%wm
4 035 el Sl 5o 255e Ol ax 5 LB Jals
[Veo]

S A (o Jsldie i ps 1 gldke 2l ge iy

i 0,8 o UL slales 5 x5 pldsesle



Ol g (el (gl | g0l )3 ()l b (55908 32)8 9 Jgeo! 12 5590

SaS a5 (Sl sed gl Al gl L odlipeas
R s el Gl fhe S5 S sl
ol bl oy ik Sl W0 —d el ke
ol Sl el e s JUastl o
o et Sl (S e Dl sy A
Loale nle el 5laslic wl U Ol g |, ST
255 g (e IS RS 03 s Ses
ool 3l el & ol sds e 2a [VV0]
Lole oblye Kl o o hlae Lol s oyl B
ag)ls i el oolys o3l niy S
a3y ol jan 4y 1y 5lpe 6U WS 5 50l S J 28 el
TSRT B AR INIECOVSPRCIA <[P AR Y 1
e e ldmns @l Sl s WSS
3 e3ses osliul Shaa s S glam sle 3
e e Ol ki 1 &S s Sedalie
gl eslinul b iy ke JLdp ) ot
534S Wb o (3Ll g ol Al o gl sl
oSS ediS bl 5las Sl L e lis
Oliae 9 7S Ol g 559,500 o511 (i oo osla ]

2 A0 oy e bi
- RCIY S IS RCTR & USRIV R
O sl sl olom) ondlSs 5 6 50 bl 20850 50
(&, Oyl 35l 30) TS ST gl 5l
i h e (So) 5 (S5 Salun g s
S i Sealngsder 5 S ST 05wl 58
ot Dl Sl 30 landd sl 4 e
BRSNS S a3 RN
ol g s e ol &S Tl Ol s Gl
IVWVT aab axils 3 58 olaeslse g1 5 55 ooyt
gl 3l 5 Ol 208 eslle Oyl b
(o 3 S ok e (T o)
Spe oWl g5l sl e o s 1l 5,50

2 Acoustic

oy

OLS 5 Ol 485 Yy Oode 53 old D gnl B s
535l e Rl Sola e sban S8 L
slge dadi g5 o 8 5o halssl adds e Oleyode
OLE 1) 42358 5 5 (anadS 5 oy () Jkne
G L ) Lo gl ciS [VVY] das s
3ol Sl eslinal b (lial 8 (0
bl 5 e a4 o Sl )
ool Ol e OIAaSI 5T 5 IS (5 50 O e
(e S Sy b da s S G 5
s 3 [T a8l e SL ol b 5 S5,
[VVE] OLSKan 5 (ol 3o 3,550000 65,
s LS Lol s Ol s S s S edalle
08 D i t__.sﬁo)__:.ag_.)] CdS 55 gl
L Sate) Sl (p it Dol sl e
gl )l Oloyode 5 ol o SUL 5 (i
@L’ JSos dedalla :\J.<€:5Lﬂdo,-)> T gles
(ol b odd Sl aS das e 0L allas
e 50 aS ol sl Olesode 5 L
s S £Y/V a3l eslannl 1 5 1S s
S 3 Sl a3 W gles 3 Syl
Gy SLS 5 e Bl o g Ol sy
S Dleopar |y i S S 5 ok e

.w‘.}
C)_yp\fé 6))\;..9 Z\d}bé‘y C)L:.;SJS ‘éuxﬁj
Slpoisn S GOlel g sl ST K Ol s
LS 5 sl S Sl g S
4:.)&.%;(..’.% 9 dla.% S U“AP L' CH}JL;’ﬁ
b u”l_”:ﬁfi) &ﬁ.\g.o o)'}]al .J)l) u"}} Qk_n'«.’l:-l
3 dld DS 5 o sl sl b Olsea 05 e
SN 5 (SN sl ol i el
Lol ys Lol bps b gslawslsl fuamen 5 0T

" Encapsulation



EXZ N D)Lo.n.:} dY 8,9 4&'-\& b‘,o d)‘é@gd)ﬂ)ﬁ

(oS Lle il sy g3 Shes sla S
IB o g S Sl pame Sl ol
03,8 sbysle b 03 53 s 3 Sad 2alS Lol
Ol l3aS a5l ecmsn ea3 a3l 5 VYV ]
slasil sy Y] iy DITA 03,555 (AY+]
La 8515, 80 03,5 Jlad e [¥4] slassil [1Y4]
Ci S Sl Dlo e s 5 [TA]
55 S s Lyl Dol b glas S kel
St VY V] sl e S laessT
J=1e 55 ol ladlw s a Sell Slallbs
5 S Sy 8l b S glmesssl b il
Sl Ssied o w53 s S S Sials
Gl ST i e [VVA] Sl e
i S e S S 3 s s e s S
REJ QU RCT PRV P [ I D O

[Ye]

Sosks PIA] cl as § 515 exlar il 5,50 olds
slazel B o 5ol Do [ sl 3
o3l Jyeme sasllas @l esle 5 013 b
(3L ol (O gl b S Sl 12 515
(s Pl Sled  ol3iS (g3lw Ran 5 bl
il slacss s (63 ,Shas sla Siis [
Uy s kS 5 Bl il (i 315
035p 5 lemdl 25,5 ilmdld 2 2lAs
badss 5 ealessil 05 8 Sl b0 S S S
5 05,5 5ead 5 Lasdias ('*J’ [l WOs S Sl
350 1 lse (5ol 3 Sl 055 Ssded s

I8 ol b 515 eslizl
Sl sdS aas ;s:‘—‘:‘}? ‘SL—AOQJ"T)
b ol 4 1 ol Sl eslinal il Oliious
228 Gl s Gl i, b S 5 e
CU”—"A (oo Al a8 sl las 35 ates

2Iieslss 5551 3 53 Dge 1 sl S ¥ Uy
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