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Tom tat

Nganh cong nghé thuc phdam da chirng kién sir phat trién dang chii y cua cdc phwong phdp say
thang hoa hi¢n dai, dac bi¢t la trong viéc ap dung sdy thang hoa kiéu phun, sdy thang hoa chdn khéng
va say thang hoa vi séng. Mgt so nghién cuu gan day da tap trung vao kha nang cua tung phuong
phép sdy trong viéc bdo toan va nang cao chdt lwong thiec pham. Cac két qud cho thdy sdy thang hoa
kieu phun mang lai san pham véi chdt lirong cao va nang cao hiéu qud vi bao céc chdt nhay cam véi
nhiét, gop phan ddng ké vao s 6n dinh oxy hoa, trong khi sdy thing hoa chén khéng ciing dieoc danh
gia cao véi khd nang duy tri mau sdc, hwong vi va dinh dwéng. VA sdy thing hoa b&ng vi song dugC
biét dén la phm)’ngphap giip tiét kiém thoi gian de va nang lwong tiéu thy. Mdc du c6 nhiing thach
thice, nhu chi phi va thoi gian xu [y, nhu’ng tiém ndng ciia cdc phwong phadp say thang hoa hién dai
trong viéc cdi thién chdt lirong san pham va gidm tdc dong méi trwong 1a rat lon.

Tar khéa: chdt lwong san pham, céng nghiép thuec pham, déng lanh, sdy phun, sdy thang hoa

Abstract

AN OVERVIEW OF THE MODERN FREEZE-DRYING METHODS IN FOOD INDUSTRY

The food industry has witnessed remarkable developments in modern freeze drying methods,
especially in the application of spray freeze drying, vacuum freeze drying and microwave freeze drying.
Recent studies have focused on the ability of each of these methods to preserve and improve food
quality. The results show that spray freeze drying provides high quality products and enhances the
encapsulation efficiency of heat-sensitive substances, significantly contributing to oxidative stability,
while vacuum sublimation drying is also appreciated for its ability to maintain color, flavor and
nutrition. And microwave freeze drying is known to be a method that saves drying time and energy
consumption. Although there are challenges, such as cost and processing time, the potential of modern
freeze drying methods to improve product quality and reduce environmental impact is huge.

1. Gigi thiéu

Sy thang hoa (FD) la mét trong nhiing ky thuét sdy quan trong da dan dén sy phét trién nhanh
chéng cua san pham trong cong nghiép thuc pham & cac nudc Tay Au sau d6 duoc phd bién khap
Hoa Ky, Anh, Phéap, Nhat Ban.. . (Liu va cs., 2022). Ky thuét nay bao gém viéc dong lanh san pham,
sau d6 la thang hoa nu6e ¢ ap suit thap. Trong cac ky thuat say, FD duoc danh gia 1a tot nhét vi khéng
anh huong dén cau tric vi mo ciia san pham, tc do bu nudc nhanh, kha nang bu nudc cao va bao toan
t6t cac tinh chat hoa ly (Prosapio va cs., 2020). Bén canh d6 huong vi, mau sac, trang thai ban dau cua
thuc pham ciing nhu thanh phan dinh dudng dwoc duy tri & mic d6 cao nhat. Pay cung la phuong
phap duoc wa chudng dé siy thuc pham co chira cac hop chit dé bj oxy hda, cac san pham nhay cam
vai nhiét (Berk, 2013; Bhatta va cs., 2020). Trudc day, vai thoi gian say dai, tiéu thu nhleu nang lugng,
chi phi cao da han ché g dung vao cong nghiép thuc pham. Nhung nhimg ndm gan day, voi sy tién
bo ciia khoa hoc di cai tién, da dang hoa va cho ra doi cac phuong phéap say khac nhau nhu FD kiéu
phun, FD chan khong, FD vi song voi nhiéu vu diém hon nhu thoi gian say, muc tiéu thu ning luong
giam, do 6n dinh oxy héa duoc nang cao hon, thoi han st dung san pham lau hon.
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2. Sy thing hoa kiéu phun (Spray freeze-drying)

Say thdng hoa kiéu phun (SFD) la phuong phap sdy khic phuc duoc nhitng han ché va hap thu
nhitng wu diém ndi bat cua ky thuat say phun va FD. SFD la mét qua trinh bao gom ba budc: chit
long hoic dung dich duoc nguyén tir hoa dé tang dién tich bé mit nhim ting cudng su truyén nhiét
va truyén khdi tao thanh giot. Sau d6, cac giot nguyén tir hoa trai qua qua trinh déng bang nhanh
chéng trong su hién dién cuaa khi lanh hozc chat l1ong dong lanh & nhiét d6 cuc thap dé tao thanh céac
hat ran. Cudi ciing, dugc thing hoa ¢ nhiét 6 va ap suat thip (Dutta va cs., 2018). SFD c6 wu diém
hon so véi céc ky thuét sy thong thuong nhu thoi gian sdy ngén, kich thuéc hat dong nhat, c6 do téi
lap, dac tinh dong chdy vuot troi, hoan nguyén ngay 1ap tie va do 6 on dinh oxy hoa cao (Ishwarya,
2022). SFD da dugc wng dung trong san xuat cac san pham sira, ca phé, vanillin, nam Shiitake,
Lactobacillus casei, axit docohexanoic, vitamin E va enzyme dugc trinh bay trong bang 1.

Bdng 1. Céc iing dung cua sdy thang hoa kiéu phun trong thzec pham

Loai thyc pham Két qua
San pham sira Bao toan cau trdc protein tét hon, cai thién do hoa tan va két cau trong
(Anandharamakrishnan va Ishwarya, 2015) ~ C4c san pham sita.
Ca phé Giam thoi gian sy so véi siy phun va sdy thing hoa: vi hat c6 kha nang

(Anandharamakrishnan va Ishwarya, 2015) ~ chay tét, giit mau va mui thom.
Gitt lai huong vi va chat dinh dudng, cho ca phé hoa tan.

Vanillin Giit lai mui thom dé& bay hoi. Hiéu suét vi bao cao (70%), d6 6n dinh
(Hundre va cs., 2015) nhiét ting gn gép doi.

Nam Shiitake Hiéu suat vi bao cao (80%) cho hwong thom, bot ¢6 ciu tric ddng nhat,
(Garcia-Segovia va cs., 2011) kha nang bu nudc tot.

Lactobacillus casei Ty Ié song sot cua vi khuan 97%.

(Dolly va cs., 2011)

Axit docohexanoic Cau tric vi md bé mat thuan lgi cho kha ning bu nudéc, hiéu qua cao

(Karthik va Anandharamakrishnan, 2012) (71%). Giam oxy hoa khi bao quan, dé dang ung dung hon so véi siy
phun va say thang hoa.

Vitamin E Hinh thai bé mat mong muon, hiéu qua cao (89,6%), sinh kha dung tot
(Rogers va cs., 2016) hon so véi dong lanh va say phun.

Enzyme Béo toan hoat dong enzyme trypsin.

(Zhang va cs., 2018) Trehalose (I6p phu) va trypsin (1: 1) cung cap su bao vé cho 97% hoat

dong cua enzyme bang cach cb dinh, tét hon so véi sy phun.

SFD c6 thé ung dung trong san xuat bot thuc pham (sita bot, ca phé hoa tan). Trong d6 do am, do
phén tan, do hoa tan dwoc quan tm nhiéu nhat vi anh huong dén kha ning hoan nguyén bot san pham
(Ding va cs., 2020). Bot SFD duoc két tu thanh hat min. Sy két ty 1am m¢ rong cac 15 xop lam tang kha
niang tham wot, phan tan va hoa tan. Bot SFD ¢4 ty Ié dién tich bé mat trén khdi luong riéng 80 m?/gram
bot (Yu va cs., 2006) véi kich thudc hat 16n hon, qua trinh SFD dién ra nhanh nén han ché su di chuyén
cua thanh phan bén trong hat va ngin ngira sy co ng6t hat. SFD st dung budng phun lanh nito 10ng,
nito 10ng dugc sir dung 1a chat 1am lanh do nhiét do sdi thap, toc do 1am lanh nhanh (Rogers va cs.,
2008). Thém vao do, viéc phan phdi chat béo va cac chat hoa tan khéc trong cac hat dong déu hon do
hién tuong tai phan phdi chat tan trong qua trinh dong bang nhanh khong phu thudc vao nong do chat
tan va chi phu thugc vao téc d6 dong bang (Hindmarsh va cs., 2003). Toc do dong bing nhanh ¢ xu
hudng 1am giam kich thude tinh thé bang, cau trdc tinh thé bang min, ngin chan s tap trung caa cac
chit tan trén bé mat. Cac hat cd 16p bé mat day dic chira chat béo va duong sé kho hoan nguyén hon
c4c hat tao ra tir mot giot dong lanh c6 cau tric bang min. Do d6, cac hat caa sira bot SFD s& ua nudc
hon (Hindmarsh va cs., 2007). Nam 2015, Ishwarya va cong sy ciing da so sanh SFD véi FD va sdy
phun (SD) trong san pham ca phé hoa tan. Két qua cho thay SFD vuot troi hon trén co s¢ kha nang hoa
tan bot t6t hon, cac hat 6 dang hinh cau vai hinh thai bé mat xp gidp hd tro qué trinh hoa tan trong
nuée dé dang hon, hiéu suat Iuu gitr cac chat d& bay hoi c6 mui thom khoang 93%. SFD cho phép giam
dang ke thoi gian sy (30%) ciing nhw giam thoi gian hoa tan cua chat bao nang (11 giay so vai 20 giay
¢ SD va 22 gidy ¢ FD). Ngoai ra, con co sy khac bi¢t Vé gié tri mau sic (AE) SED it nhat (3,57£0,32),
FD (4,82 +0,35) va cao nhat 1a SD (5,89 +0,00). Diéu nay giai thich kha ning duy tri mau sic tu nhién
trong bot SFD do thoi gian i 1y ngan khi tiép xtc véi nhiét d6 cao.
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SFD con duogc ung dung dé vi bao cac thanh phan thuc pham c6 hoat tinh sinh hoc hiéu qua
hon cac k¥ thuat say khac. Vi bao 13 mot qué trinh bao boc cac hop chat hoat dong bén trong mot chat
bao vé. Thanh phan duoc bao boc goi 12 16i, vat liéu mang duoc goi 1a tudng. Phan 16i cd thé 1a thuc
pham thanh phan (huong vi, lipid dac biét, vitamin va thanh phan c6 hoat tinh sinh hoc). Vat liéu 1am
tuong c6 thé 1a cac dai phan ta sinh hoc nhu carbohydrate (tinh bot, dan xuét cellulose, gum), protein
(whey protein, casein, gelatin, gluten) hogc lipid (axit béo, glycerol, sap, phospholipid). San phdm
cudi cing c6 kich thudc, dién tich bé mat 16n hon chét dong goi gilp cai thién do hoa tan, duy tri giai
phong va ting cuong sy hip thu ¢ rudt cia chit cd hoat tinh sinh hoc dugc dong goi
(Anandharamakrishnan va Ishwarya, 2015). So véi FD uu diém cua SFD la nhiét do siy cuc thap
-196°C, thap hon nhiéu so vé&i diém thay tinh hoa cta nude dé tao diéu kién thuan loi tang nong do
chat ran hoa tan sau khi thing hoa. Viéc vi bao bang SFD thuong lién quan dén thanh phan caa nhi
tuong. Do d9, tiéu chi hang dau dé lya chon vat liéu 1am tuong la kha nang hoa tan trong nudc (Gouin,
2004) va maltodextrin la vat liéu lam tuong duoc wa chuéng. Kha nang nhii héa caa vat liéu lam
tudng 1a luong 18i t6i da ma nod c6 thé chira trén mot don vi trong luong dé tao thanh nhii trong 6n
dinh. Bac tinh nay cua vat liéu tuong tré nén quan trong khi 16i 1a mot chét ky nuéc nhu tinh dau
hoic lipid dic biét, trong d6 vt liéu tudng cd chirc nang 6n dinh 13i trudc khi vi bao (Hogan va cs.,
2001). Ngoai ra, chat nhil hoa thiic day viéc dat dugc kich thude giot nho hon trong bude nhii hoa,
gitip ting cudng d6 on dinh nhil twong, hiéu qua vi bao va cudi cung 1a d6 6n dinh cau trlc cua vi
bao. Vi vay, kha nang nhii hoa vuot troi cua whey protein tro thanh sy lya chon 1y tuong cua vat ligu
tuong dé dong goi 16i ki nudc nhu lipid, vitamin tan trong chdt béo va huong liéu
(Anandharamakrishnan va Ishwarya, 2015) khi whey protein da dugc sir dung lam vat liéu bao boc
cho viéc vi bao SFD cua axit docosahexaenoic (DHA) (Karthik va Anandharamakrishnan, 2012) va
vanillin (Hundre va cs., 2015). Do hoat d6ng & nhiét do thap va céc san pham c6 céu tric doc dao,
SFD dugc coi 14 ¢6 loi hon so v6i SD trong viéc bao ton kha nang ton tai va tinh 6n dinh caa ché
pham sinh hoc nhu probiotic trong qua trinh van chuyén qua cac ving phia trén ctua duong tiéu hoa,
trude khi dén dugc vi tri hoat dong muc tiéu. Lactobacillus plantarum dugc dong goi va chuyén thanh
dang bot bang SFD, str dung whey protein lam vat liéu tuong & hai ty 1& 18i va tuong khac nhau (1:1
va 1:1,5). Cac dac tinh caa vi nang SFD-probiotic (6 am, hinh thai, kha ning séng cua té bao, d on
dinh bao quan va kha ning séng sot cia vi khuan duoc vi bao trong diéu kién da day mé phong) la
t6t hon so vai cac loai vi nang SD va FD (Dolly va cs., 2011).

3. Say thing hoa chin khong (Vacuum freeze drying)
Bdng 2. Céc iing dung cua sdy thang hoa chdn khéng trong thuc pham

Loai thuc pham Két qua
Protein thit Bao ton tc do bu nudc, duy tri chat lwong san pham, trong lwong nhe, van chuyén dé
(Ma va cs., 2018) dang va bao quan lau dai.
Protein long tréng tring V6i cong suit vi séng & 300W c6 thé cai thién hiéu qua dic tinh nhii hoa va do 6n dinh.
(Suvacs., 2023)
Dau tim Giit dugc chét luong nhu ban dau. Cac dic tinh 1y hoa nhu d6 4m, kha nang giir nudc,
(Wang va cs., 2023) protein hoa tan, axit ascorbic, polyphenol, resveratrol, chlorogen axit, anthocyanin,

cung cac hoat tl'nh‘chémg oxy héa nhu kha néng bé’g gdc ty do DPPH va kha ning bét
goc ty do ABTS déu vuot troi hon so vai say khd bang khong khi ndng.

Déau tay Thai gian sdy giam 15,25% -50,00%, dac tinh chat luong cua lat dau tay t6t hon déng

(Xu vacs., 2021) ké bao gdm kha ning bu nude, do cing, mau sic, huong vi, tdng anthocyanin, téng sb
phenol va hoat tinh chéng oxy héa.

Hop chét dé bay hoi Khi siy thang hoa chan khéong két hop xir ly 4p suat cao & mirc 400 MPa di giir lai

(Yuan va cs., 2021) nhiéu hop chét dé bay hoi (vi du: p-ionone) hon, duy tri huong vi va kéo dai thoi han

sir dung, dong thoi thuan tién cho viéc van chuyén.

Siy thang hoa chan khong (VFD) da dugc ap dung trén nhiéu loai san pham thuc pham nhu
thit, trai cay, rau qua, do uong (Li va cs., 2023). Cac nghién ctu tap trung vao kha néng luu giir dinh
dudng, dac diém cau truc, hoat tinh chong oxy hoa va dugc trinh bay trong bang 2.
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Ma va cong su (2018) di nghién ctru anh huong cia VFD dén chat luong caa protein thit trong
thit than va dim bong. Két qua cho thay rang kich thudc vat liéu duoc coi 1a yéu té quan trong nhat
anh huong dén téc do bu nudce, ké dén 1a thoi gian sy, do day vat liéu va nhiét do sdy. Voi giam
bong, su két hop gitra d6 day vat liéu 1mm va kich thude vat liéu 3mm 13 tét nhét cho tde d6 bu nudc,
trong khi vai thit than d6 day vat liéu la 3mm va kich thudc vat liéu la nguyén manh (moét I6p). VFD
¢ kha ning gitr protein cao hon, cai thién két cau, déng thoi thit kho c6 d6 mém hon, it dai hon.
Nguoc lai, thit dugc sdy khé bang khong khi cho thay sy bién tinh protein dang ké va két ciu cing
hon, din dén murc d6 chap nhan cia ngudi tiéu dung thap hon (Huan va cs., 2005). Ddi véi protein
long tring trang, viéc két hop vi song véi VFD gitip ting cudng dang ké d6 dai va d nhét cua protein
long tring trimg, va dat dugc do nhil hoa toi da & 300W (Su va cs., 2023) do VFD lam thay doi ciu
trdc thir cap cua protein long trang tring ma khong thay ddi ciu tric peptit caa nd. Wang va cong su
(2023) nghién ciru dau tam cho thay VFD c6 cac dic tinh vat 1y vuot troi so vai sy khd bang déi luu
bao gom kha ning thim uét, dic tinh hit 4m va giit nuéc. Ngoai ra, VFD gilp bao ton ham luong
chat dinh dudng cao hon (protein hoa tan, axit ascobic), polyphenol, resveratrol, axit chlorogenic,
anthocyanin. Hoat tinh chéng oxy héa ciaa VFD cao hon bao gom kha nang loai bo géc tu do DPPH
(2,2-diphenyl-1-picrylhydrazyl) va kha ning bat géc tuw do ABTS (2,2'-azino-bis (3-
ethylbenzothiazoline-6-sulfonic acid). Khi két hop tién xt 1y bang séng siéu am tan sé kép 20 kHz
va 40 kHz két qua cho thay thoi gian say giam (15,25% - 50%), cai thién dang ké cac thudc tinh chat
luong cua cac lat dau tay trong qua trinh VFD nhu kha néng bu nuéce, do cimg, huong vi, mau sac,
tong anthocyanin, tong phenol va hoat tinh chéng oxy hoa. Diéu nay la do anh huéng cua hi¢n tuong

“cong huong két hop”, tao ra nang lugng cao hon, cai thi¢n toc do sdy va hé sb sdy, qua d6 rit ngan
thoi gian say. Khi VFD két hop ap suat thuy tinh cao & muc 400 Mpa trong hén hop nu6c ép tao tau,
bi ngd, x0ai da giir lai nhiéu hop chat d& bay hoi hon, ddng thoi cai thién cam nhan vé mui va huong
vi ty nhién cia san pham nhu mui thom cua trai cdy tuoi, cuong d6 mui nay cang tang khi ap suat
tang (Yuan va cs., 2021). Déi véi huong thom ngot ngao va sé thich téng the, hon hop ép nudc tréi
cay duoc xtu ly bang ap suét thay tinh cao két hop VFD dat diém cam guan rat gan véi nuéc trai cay
twoi. Nhitng phat hién nay twong ty Véi két qua ciia nghién ciru vé& keo man xanh ciing cho thiy rang
san phamvan gitr duoc huong vi caa mau twoi (Luo va cs., 2018).

4. Say thing hoa vi song (Microwave freeze drying)

Bdng 3. Cac ing dung gan ddy cua sdy thang hoa vi séng trong thuc pham

Loai thwc pham Két qua
Hai sam MFD c6 kha ning khéc phuc nhitng han ché ctia cac phuong phap sdy truyén thong, nhu
(Duan va cs., 2010) thoi gian xu ly lau va mat mat cac thanh phéan cé hoat tinh sinh hoc, gp phan tao ra san

pham chat luong tot hon.

Quéa mam xdi Qué trinh say ddng déu, mat nude ca bén trong va bén ngoai qua mam xoi.
(Sun va cs., 2021) Téc @6 say tang 1én khi cong sudt vi song ting 1én.
Hat nano Chitosan MFD c6 thoi gian say ngan nhat va hiéu qua say cao nhat trong s ba phuong phap.
(Zhao va cs., 2021) Hoat tinh chéng oxy héa cua c4c hat nano duoc 1am khd bai MFD va FD cao hon so v6i SD
Bot khoai tir RUt ngén thoi gian say tir 14,29 - 35,71% so, Vai higu suat siy cao hon & mat d¢ cong suat
(Livacs., 2022) vi s6ng cao (1,5 W/qg).
Qua dira Diéu kién toi wu cho MFD: d§ am chuyén tiép Ia 20%, nhiét d¢ siy 40°C, tc do quay cua
(Chen va cs., 2023) ban xoay 8 vong/ phat, cdng suat vi séng 6 W/g thi hiéu suat say hiéu qua, tiet kiém 34,5%

nang luong tiéu thy va 33,3% thoi gian siy so vai VFD.

Sy thing hoa vi song (MFD) 1a sy két hop cua siy chan khong vi séng va FD, st dung 10 vi
séng thay vi tam gia nhiét truyén théng, nguyén 1y co ban twong tu nhu FD. So véi cac thiét bi gia
nhiét théng thudng, gia nhiét bang vi song khdng yéu cau gradient nhiét d6 tir bén ngoai dé gia nhiét
ting 16p. Nudc trong thuc pham hoat dong nhu mét ludng cuc va nang lwong tir 16 vi song duoc hap
thu vao cac phan tir nude. Hon nita, vi song ¢6 thé xuyén qua pham vi do sdu cua mau dé dat duoc su
chuyén doi nang luong va dat dugc hiéu tng gia nhiét thé tich, gay ra sy thing hoa trong toan b mau
(Fan va cs., 2019). Nhuoc diém cua phuong phap gia nhiét truyén thong 1a toc do siy cham da duoc
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giai quyét, qué trinh truyén am nhanh hon va chat lrgng san pham sy cao hon (Yao va cs., 2023).
Gan day, cac nghién ctru da tap trung so sanh lgi ich nhu tiet kiém thoi gian say va nang luong tiéu
thu khi &p dung MFD so véi cac phuong phap say thong thuong duogc trinh bay trong bang 3.

Duan va cong su (2010) di chirng minh tinh hiéu qua caa MFD trong viéc giam thoi gian siy va
tiéu thu ning lwong nhung van bao toan chit lwong cua hai sdm, véi cac thanh phan cé hoat tinh cé
gia tri nhu collagen, axit mucopolysaccharide va triterpene glycoside. Két qua cho thay MFD giam
thoi gian say khoang 40% va giam murc tiéu thu nang lugng khoang 32% so véi FD thong thuong
nhung van mang lai chat lugng san pham tét tuong tu. Dé tiét kiém nang luong va thu dwoc chat lugng
t6t hon, nén ap dung cdng suat vi séng cao hon trong giai doan thang hoa, nhung nén ap dung cong
suit vi song thap hon trong giai doan gial hip. Chat luong san pham tét nhat thu ¢ muc cong Sut vi
séng & mirc 2 W/g mic du & mirc cdng suat vi séng 1a 2,3 W/g cho thoi gian xir ly ngan hon, tuy nhién
kha néng bu nuéc giam do muc néng lugng vi song cao lam cung thanh co thé hai sam, gay ra hao
hut. Két qua tuong tu khi &p dung MFD véi qua mam xai cho thay téc do say tang 1én khi cong suat
vi song tang Ién, do cong sut vi song dau vao cao hon s& cung cap nhiéu ning lwong hon cho qua
trinh thing hoa, do d6 day nhanh qué trinh sdy (Sun va cs., 2021). Khi so sanh tac dong cua 3 phuong
phap FD, MFD va SD ddi voi thanh phan c6 hoat tinh sinh hoc ciia nano chitosan cho thay nano
chitosan tao bai MFD va FD ¢ hoat tinh chdng oxy hoa cao, kha ning hoa tan va tbc d6 hoa tan cao
hon so véi SD. Tuy nhién néu xét thém yéu té vé thoi gian say va hiéu qua sy thi MFD c6 thoi gian
say ngan nhat va hiéu qua sdy cao nhat trong s ba phuong phép, cho thay tiém ning ung dung & quy
mo cong nghiép (Zhao va cs., 2021). Nghién ciru gan day cta Li va cong su (2022) da so sanh higu
qua cia MFD véi siy khong khi nong thong thuong (HAD). So véi HAD, thoi gian siy cia MFD
duoc rat ngan tir 14,29% dén 35,71%, hiéu suat say cao hon & mic nang lwong vi song cao (1,5 W/g),
VGi cac dic tinh vuot troi vé mau sic, kha nang hap thu nudc/dau va do hoa tan, d6 nhét cao nhung
ham luong tinh bot khang thap, gitip ting kha nang tiéu hoa va gop phan tao ra san pham cd chat luong
nhu mong mudn. Mt nghién ciu ciia Chen va cong sy (2023) vé san pham dira 1at da so sanh MFD
va VFD. Ning lugng vi song cang cao thi toc do say cang nhanh. Viéc sir dung ban xoay va hé théng
kiém soat nhiét do s& gilip 1am nong vat liéu dong déu va cai thién chat lugng san pham. Hon nita, do
am chuyén tlep cang thap thi chat luong san pham Say kho cang tot Pé duy tri hinh thtc bén ngoai
cua san pham do am chuyen tiép trong qua trinh say kho phai nam trong khoang 10-30%. Két qua
cho thay yeu t6 anh huong dén MFD 1a do am chuyén tiép, nhiét do Say va toc do6 quay cua ban xoay.
Thong sé it anh huong nhat 1a nang luong vi séng. Nghién ciu cho thay rang quy trinh MFD véi do
am chuyén tiép 12 20%, nhiét do say 1a 40°C, toc do quay cua ban xoay 1a 8 vong/phut va cong suét vi
so6ng 1a 6 W/g c6 hiéu suat sdy hiéu qua, tiét kiém 34,5% nang luong tiéu thu va 33,3% thoi gian say
so vai VFD. Nhitng phat hién nay néu bat tiém ning caa MFD nhu mét giai phap thay thé hiéu qua vé
mit chi phi cho cac phuong phap siy thiang hoa truyén thng.

5. Két luan

Nhing tién bo gan day trong SFD, VFD va MFD da gop phan dang ké vao viéc nang cao hiéu

qua, tinh bén ving va chat luong san pham trong nganh cong nghiép thuc pham. Nhitng k§y thuat hién

dai nay cung Cap cac giai phap day hira hen dé giai quyet nhu cau ngay cang tang cua nganh cong

nghiép thuc pham, tir bao quan nguyen liu dén ché bién cac san pham tinh té, gop phan cai thién

hiéu qua quy trinh va giam tac dong dén moi truong. Nhing nd luc nghién ctu lién tuc trong céc linh

vucC nay Ia rat quan trong dé tlep tuc khai thac tiém nang cua cong ngh¢ say thang hoa hién dai va dap
g nhu ciu ngay cang ting vé& cac san pham thuc pham c6 chit luong cao.
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