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Abstract. Food powder processing systematically aims at meeting the needs of consumers
who are looking for total high quality and perfect food safety. The conventional methods for
producing the food powder exhibit some limitations in terms of powder quality and high
production costs. The instant controlled pressure drop technology uses high saturated steam
pressure and short duration to provide a new way to expand biological matrices and is
considered a solution to the drying shrinkage/collapse issues, in order to obtain a better
quality of the dried plants in terms of texture, color, aroma. This paper aims to introduce a
new production process and systematize some research results that have been achieved. By
inserting a restructuring stage by instant controlled pressure drop in the classic process of
grinding, many physical properties of the powder have been improved, the microbial
contamination is significantly reduced, the vitamin content in the product is higher, the drying
time can be greatly reduced, and this implies a significant reduction in energy consumption.
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Tom tat. Quy trinh san xuat bot thyc pham ludn hudng téi viée dap ing duoc nhu cau cua
ngudi tiéu dung vé san pham bot co chat lugng cao va an toan. Cac quy trinh san xuat bot
thong thuong hién nay cho thay mot sé han ché vé mat chét luong va chi phi san xuét cao.
Cong nghé giam &p suét tic thi st dung hoi nuéc & &p suat cao va thoi gian xir Iy ngan da
mang lai cho nguyén vat liéu mot cau trdc sinh hoc méi ¢6 nhiéu 16 rong va duoc xem la mot
giai phap dé khic phuc hién twong co rat san pham sau quéa trinh say. Bai bao nay nham gigi
thiéu mot quy trinh san xuat méi va hé thong lai mot sb két qua nghién ctru da dat dugc. Bang
cach chén thém maot giai doan xir ly bang cdng nghé giam &p suét tic thi vao quy trinh san
xuat bot thong thuong, nhiéu tinh chat vat ly caa bot da dugc cai thién, kha nang nhiém vi
sinh vat giam dang ké, ham luong vitamin trong san pham gitr duoc cao hon va thoi gian say
giam manh gip giam duoc tiéu hao niang lugng trong san Xut.

Tir khoa: Bot thuc pham, chit luong cua bot, xir Iy DIC, giam &p suét tuc thi.

© 2022 Truong Dai hoc Giao théng vdn tdi

1. PAT VAN PE

Bot thuc pham c6 mat trong phan 16n cac san pham cua nganh cong nghiép thuc pham, tir
cac nguyén liéu thanh phan nhu bot mi, bot gia vi cho tei cac san pham ché bién nhu bot ca
phé hoa tan, sita bot. Ly do chinh cua viéc san xuat thuc phim & dang bot 12 nham kéo dai
thoi gian bao quan bang cach giam ham luong nude trong san pham, néu khdng san pham rat
dé bi bién chét va phan huy trong méi truong ty nhién. Ly do quan trong khac 1a dé tién lgi
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trong qua trinh sir dung, dé& van chuyén, giam chi phi van chuyén do giam kich thuéc va trong
luong.

O dang bot, hau hét cac tinh chat chirc ning déu lién quan t6i cac thdng sé vé ciu tric
ctia san pham (nhu 1a d6 rong, tong thé tich 16 rdng, ban kinh 15 rong trung binh, kich ¢ hat,
phan phdi ¢& hat va su ¢ miat cia cac hat min) [1]. Cac tinh chét chtic ning nay phu thuoc rat
l6n vao dién tich bé mit riéng cua bot. Dién tich bé mat riéng 1a mot thdng sé rat quan trong
d6i véi tat ca cac ung dung ma quy trinh bi phu thugc vao di¢n tich bé mat. Vi du nhu cac tng
dung vé truyen nhiét, truyen chat, dong .chay xuyén qua 16p chat hay lop tang sdi. Trong ky
thuat ché bién thuc pham qua trinh truyén nhiét va truyen chat rat quan trong trong viéc kiém
soat chat luong cua nhiéu loai nguyén vat liéu ma d6 am phai duoc giam dén muac thip nhét
c6 thé, tuy nhién viéc s dung nhiét qua cao dé loai bo nudce ra khoi san pham co thé 1am bién
d6i mau sic va mui vi caa san pham. Rat nhiéu nguyén vat liéu thuc pham can phai duoc
giam kich ¢& dé cai thién qué trinh truyén chat voi mot lugng nhiét téi thiéu dugc st dung [2].

Quy trinh san xuat bot thuc pham ludn ¢6 méi quan hé chat ché véi chét luong san pham
bot. Trong cé&c quy trinh san xuat bot thuc pham thi giai doan sy dong mot vai trd rat quan
trong, no anh huong t6i cac tinh chat cia bot va ciing 1a giai doan tiéu thu nhiéu ning luong
nhat. Phuong phap truyen théng dé san xuat bot thuc pham la Say kho cac nguyén vat ligu
dang long. Ba ky thuét say thuong duoc str dung bao gom: say kiéu tang trong say thang hoa
va say phun. Ngoai ra, bt thuc pham ciing c6 thé dat dugc bang cach nghlen nguyén vat li¢u
ran sau qua trinh say dbi luu thong thuong. Trong cac ky thuat say nay, say kiéu tang trong co
tng dung rat han ché ddi véi thyc pham va dang dan bi thay thé boi sy phun do chét luong
san pham khong dam bao. San pham rat d& bi bién chat do tiép xtc véi nhiét do cao trong thoi
gian dai va rat kho thuc hién ddi véi san pham c6 chtra nhiéu dudng. Siy thang hoa tuy mang
lai san pham c6 chat luong tot nhung chi phi san xuat lai qua cao do tc do say cham va phai
str dung do chan khdng cao, thuc pham phai dugc dong bang trude, sau d6 cap nhiét dé thuc
hién qua trinh thang hoa.

Hién nay, say phun duge xem la phuong phap chinh dé san xuét bot chat lugng cao trén
thi truong. Uu diém chinh cua phuong phap sdy phun 1a c6 kha ning bién doi truc tiép
nguyén vat liéu dang long thanh san pham bot kho, ¢ thé ap dung cho ca san pham nhay
nhiét va chiu nhiét, dac biét 1a cac san pham c6 kha ning giy chay nd hodc doc hai ma khdng
gay ra 6 nhidm mai truong, c6 kha niang ty dong hda cao va thoi gian say rat ngin. Tuy nhién
trong mot sé truong hop, say phun tré nén kém hap dan do chi phi dau tu ban dau va chi phi
san Xuat qua cao [3, 4]. Piéu nay 1am cho san pham bot c6 gia cao va kém canh tranh trén thi
truong. Hon nita, viéc can thiét phai san xuat duoc loai bot ¢ dién tich bé mat riéng 1on dé
dat duge d6 hoat hda bé mat cao dd kéo theo nhu cau san xuat cac loai bot ¢é ¢& hat rat min.
Diéu nay dan t6i rat nhiéu van dé phuc tap lién quan tgi khau van chuyén, vé sinh, thu hoi bot,
rai ro chay no va san pham bi bién chit do nhiét [2, 5].

Truéc nhu cau ngay cang ting cao cta ngudi tiéu dung dbi véi chat lugng san pham bot
va dé khic phuc dugc nhitng nhugc diém cia cac phuong phap san xuat bot truyén théng ké
trén, céng nghé giam &p suat tac thi da duoc nghién ciu va ap dung vao quy trinh san xuat bot
thue pham.

Cong nghé giam ap tac thi cd kiém soat (viét tat 1a DIC trong tiéng phép - Détente
Instantanée Controlée) dugc xem nhu 1a mot giai phap dé khic phuc van dé co rit cua san
pham trong qué trinh sdy, nho d6 ma thu duoc san pham c6 chat luong cao hon vé mat cau
trdc, mau sic, mui vi...[6]. Cong nghé giam ap tic thi DIC 1a mot quy trinh xi Iy & nhiét
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do/ap suat cao trong thoi gian rat ngin va sau d6 giam ap suat dot ngot vé phia chan khong
(khoang 5 kPa véi téc d6 giam &p suat 16n hon 500 kPa/s) [7]. Quy trinh xir Iy nay da kich
hoat qua trinh bay hoi nuéc ty dong va lam ngudi nhanh chéng cac san pham sinh hoc, san
pham phong Ién va tao ra nhiéu 16 réng bén trong [6]. Vay nén, quy trinh xu Iy DIC ¢6 kha
ning lam thay doi ciu truc dic chic cua hat, nang cao dién tich bé mat riéng va vi thé cai
thién duoc nhiéu tinh chat khac nhau caa san pham bot.

2. PHUONG PHAP NGHIEN CUU

2.1. Cong nghé giam &p tirc thi cé kiém soat DIC
So dd ciu tao cua hé théng xu ly DIC [7, 8] bao gébm bén phan chinh (Hinh 1):
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Hinh 1. So d6 cAu tao cua hé théng xu 1y DIC: (1) budng xir Iy; (2) van giam &p tac thi; (3) binh chéan
khong; (A) thiet bi sinh hoi; (B) binh ngung; (C) bom chan khong.

+ Mot budng xir 1y noi dat cac nguyén vat lidu chiu tac dong boi nhiét do/ap suit cao cua
hoi nuac (1én téi 10 bar).

+ Mot hé théng chan khong: bao gom mot may bom chén khéng c6 kha nang thiét lap
muc chan khong khoang 4 kPa trong mét binh c6 thé tich Ion (gip khoang 130 lan so Vi
budng xir ly). Binh chan khong I loai binh hai vo c6 moi chat 1am mat gitp tao ra mic do
chan khéng can thiét trong binh. Mtic d6 chan khdng téi thiéu cé thé dat duoc 1a 2,5 kPa.

+ Mot hé thdng két ndi gitra budng xur Iy va binh chan khéng cho phép mé rit nhanh dé
giam &p suat tire thi. Do 1a mot van cau diéu khién dién-khi nén cho phép &p suét giam xuéng
chén khéng trong thoi gian dudi 100 ms.

+ Mot hé théng cam bién, thu nhan, luu trir, xir 1y két qua va diéu khién tu dong: cho
phép thu thap va luu trir dit liéu trén may tinh. Hoat dong va cai dat thong sé duoc quan ly boi
bo diéu khién logic c6 thé lap trinh duoc.

MGt quy trinh DIC bao gdm niam budc xir 1y co-nhiét nhu dwgc md ta trén hinh 2.
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Ap suét
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Py || 3
T (xte ly) |11

P (khi quyén) 1
T (méi truong) \

P (chan khéng)

Thi gian (s)
Hinh 2. Sy thay d6i 4p suat/nhiét d6 theo thoi gian ciia mot quy trinh xir Iy DIC.,

Budc (1) 1a giai doan ban dau khi dua nguyén vat liéu vao trong budng xir ly & &p suat
khi quyén; budc (2) 1a giai doan thiét 1ap mac d6 chan khdng ban dau trong budng xir ly
(khoing 5 dén 10 kPa) dé dam béo diéu kién tiép xic tot nhat gitta hoi nu6c va bé mat san
pham trong gian doan sau; budc (3) 1a giai doan xu ly, hoi nude bao hoa dugc phun vao bén
trong budng xir Iy cho dén khi dat &p suat yéu cau va duogc duy tri trong khoang thoi gian xu
1y da dinh truéc (khoang vai gidy hodc vai chuc gidy); budc (4) 1a giai doan giam ap suat dot
ngot vé phia chan khong (khoang 5 dén 10 kPa); budc (5) 1a giai doan thiét 1ap tro lai &p suat
khi quyén trong budng xur ly.

Viéc giam dot ngot ap suat vé phia chan khong tao ta tng sut co hoc trong cac 15 rdng
siéu nho cua cac vat liéu sinh hoc chii yéu do hoi nuée sinh ra. Lugng nhiét bi mat di trong
qua trinh chuyén tir marc nhiét d6 xu ly téi mac nhiét do can bang (duoc quyét dinh bai mirc
d6 chan khong) lién quan téi hién twong dugc goi la "bay hoi tuw dong". O budc 4, tinh tac
thoi 1a can thiét dé dat duoc su giam ap suit ngay lap tuc voi toe do it nhat 1a 500 kPars.
Ngoai ra, qua trinh lam méat san pham sé& t6t hon & mot muc chan khong cao hon va bao vé
duoc cac vat ligu sinh hoc khoi cac tac dong khdng mong mudn do nhiét. Nhin chung, &p suat
cao nhat trong binh chan khong la trong khoang tir 5 dén 10 kPa [9].

2.2. Quy trinh sin xuit bt thwe phidm sir dung cong nghé DIC

Bot thuc pham san xuit bang phuong phap nghién truyén théng cho san pham dat chat
lugng khong cao do cau tric hat bot ddc chic. Quy trinh san xuat moi dugc dé xuat bang cach
chén thém mét giai doan tai cau triic nguyén vat liéu nho cong nghé DIC vao trong quy trinh
san xuat bot truyén théng dugc thé hién trén hinh vé sb 3.

Nguyén vét li¢u tho sau khi dugc phan loai, 1am sach va cat nho sé duoc sdy so bo bang
phuong phap say dbi luu khong khi nong thong thuong téi mot do am Can thiét tay thudc loai
nguyén vat liéu dé pht hop nhat véi quy trinh xu ly DIC. Sau giai doan say so bd, nguyén liéu
duoc dua vao budng xtr Iy DIC véi cac thdng sb nhiét do/ap suat va thoi gian xu 1y da duoc
dinh trugc. Trong budng xur ly DIC, duéi tac dong cua qué trinh giam ap suat dot ngot vé phia
chan khong, qua trinh bay hoi tu dong ciia nudc bén trong vat liéu duoc kich hoat dan téi su
gian n¢ cua hoi bén trong san phém va ciing c6 thé pha v& thanh té bao. Vat liéu tro len rong
x6p hon véi ciu tric co nhiéu 15 rdng va hang hdc. Nguyén vat liéu sau khi xir Iy DIC tlep tuc
duoc dua vao budng say thuc hién qua trinh siy déi luu khong khi nong dé dat téi d6 am cudi
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cung phu hop cho bao quan va st dung tuy thuoc loai nguyén vat ligu. Cuébi cuing, nguyén liéu
say kho s& duoc nghién thanh san pham bot ¢ cau tric hat rong x6p hon so véi khi khong xir

ly DIC.
N\ . N
Nguyén vat liéu Say so bd
(phéan loai, riva, cét...) ) (sdy dbi leu khéng khi néng) )

( { , ,
~ Say ket thuc
Nghién o
L (say doi lwu khéng khi nong)

Hinh 3. Quy trinh san xuét bot tng dung cong nghé giam é&p tac thi DIC.

San pham bét
(céu truc 16
réng)

Ngoai ra cong ngh¢ DIC con dugc nghién ciru ap dung vao quy trinh say phun. Bot sau
qua trinh say phun tiep tuc dugc dwa vao buong xur Iy DIC nham cai thién mot so tinh chat
cua san pham bot [5, 10, 11].

Cac théng s6 van hanh c6 anh hudng rat 16n t6i chat lugng caa san pham bot cudi cung.
Pé dat duoc chét luong san pham tt nhat, d6i voi mdi loai nguyén vat liéu khac nhau can
phai tién hanh céc thi nghiém so bo dé xac dinh dugc cac thdng s van hanh quan trong trong
tung khéu cua quy trinh.

3. MOT SO KET QUA NGHIEN CUU PA PAT PUQC

3.1. Cai thién va kiém soat tinh chit vat Iy clia san pham bt

Bot thuc pham thuong dugc dic trung bai ham luong chat khd cua ching. Tuy nhién, cac
dac tinh khac caa bot ciing can phai duoc tinh toi, vi du nhu cac tinh chat sinh hoa, tinh chat
vat ly va vi sinh (khéi luong riéng cua bot, thé tich khéng khi xen k&, ¢& hat, do hoa tan, do
thAm u6t, 6 phan tan, kha nang chay, kha ning gilt nude...). Céc dac tinh nay phy thugc chat
ch& vao quy trinh san Xuit bot, va ching s& quyét dinh cac diéu kién bao quan va su dung bot
thuc pham, hay noi chung hon 1a chat lugng cua bot. Nhin chung, céc tinh chat ma quyét dinh
chat luong cudi ciing cua san pham bot 1a ciu tric cua bot, do hoa tan, dd am, kha niang chay,
bién doi do 6xi hoa, huwong vi, mau sac va su 6 nhiém vi sinh vat.

Ngay nay, viéc kiém soét chat luong cua bot dua trén cac yéu té nay 1a mot lgi thé canh
tranh chinh. Céng nghé giam &p suat tic thi DIC ap dung vao quy trinh san suat bot c6 kha
nang lam thay d6i cu tric cua bot, tao ra mot sé luong 16n céc 15 réng bén trong hat va vi thé
c6 thé kiém soat dugc nhiéu tinh chét cua bét.

Trong mot nghién cau trén san pham bot gdm Arabic [10] cho thay: xt ly DIC (véi ap
suit hoi nudc P = 0,2 + 0,7 MPa, thoi gian xir Iy t = 20 + 120 s) ¢6 thé 1am ting c6 kiém soat
mot s tinh chat ciia bot nhu khéi luong riéng nén ting 4%, ty 1¢ dién day tang 3%, kha ning
nén ting 19%, do rong ting 4%; dong thoi lam giam khéi luong riéng dong khoang 8% va thé
tich khong khi xen k& khoang 3,4%. So sanh céc tinh chat vat ly cua bot gdm Arabic trudc va
sau khi xtr Iy DIC duoc thé hién trén hinh 4.
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Box-and-Whisker Plot Box-and -Whisker Plot
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Hinh 4. So sanh tinh chét vat ly caa bot gdbm Arabic xir Iy DIC véi bot nghién thong thuong [10].

Trong mot nghién ciru khac duoc tién hanh vai bot ddu nanh [12] cling cho thiy kha ning
cai thién mot sé tinh chat chire ning ctia san pham bot. Cu thé, xir Iy DIC ¢6 thé 1am tang kha
nang giir nudc (WHC) cua bot dau nanh 1én 51% va kha nang giir dau (OHC) 1&n 57%. Ngoai
ra, kha nang tham uét cua bot ciing ting dang ké, bot dau nanh xir ly DIC chi mat 51 s trong
khi bot théng thuong can dén 10 phut dé bi thAm w6t hoan toan. Db voi san pham bot san
[13], kha ning giit nudc ciing tang manh tir 1,2 g nudc/g bot (khi khéng xir 1y DIC) 1én dén 2
+ 8 g nude/g bot (sau khi xir ly DIC), kha nang giit dau cua bot sin ciing ting tir 0,4 g dau/g
bot (khi khong xir Iy DIC) 1én dén 0,8 + 2,0 g dau/g bot sau xir Iy DIC & &p suat hoi nuéc P =
0,26 + 0,54 MPa va thoi gian xu ly t = 12 + 48 s.

Dién tich bé mit riéng ciing 1a mot thong sb rat quan trong cua san pham bot. Dién tich
bé mit riéng 16n gitp san pham bot c6 do hoat hda bé mit cao. Viéc chén thém mot giai doan
tai cAu tr(c nguyén vat liéu nho xir ly DIC (6 &p suat hoi P = 0,2 + 0,6 MPa, thoi gian xir Iy t
= 5 + 55 s) vao quy trinh san xuat bot tao tay da lam ting gap doi dién tich bé mit riéng cua
san pham bot téo (250 + 300 m?/kg so véi 100 + 150 m?/kg khi khdng xu ly) [14].

3.2. Kha niing khir nhiém vi sinh vat va giir vitamin ciia sin pham bot

Van d& nhiém vi sinh vat trong qua trinh san xuat bot c6 anh huang 16n toi chét luong
ctia san pham cudi cung. Viéc ap dung cdng nghé giam &p tac thi DIC vao san xuat bot thuc
pham ciing cho thay giai doan xu Iy nay c6 kha nang khir nhidm vi sinh vt rat tét. Ham luong
vi sinh vat trong san pham bot hanh tdy da giam manh tir mac 875000 vi khuan/g (bot khong
xtr Iy DIC) xudng chi con 100 vi khuan/g (xu Iy DIC & &p suét hoi 0,35 MPa va thoi gian 15
s) [14]. Trong mot nghién cau khac vai san pham bot san [13] ciing cho thdy ham luong vi
khuan trong bot san giam tir 204500 CFU/mI xudng con 86500 CFU/mI khi xir Iy DIC & ap
suét hoi 0,4 MPa va trong thoi gian 12,3 s.
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V& mit gia tri dinh dudng, bot tao ty dugc san xuét bang cong ngh¢ DIC ciing cho thay
van dé bién chat do nhiét do cao xay ra rat yéu va ham lugng vitamin duoc gitr lai cao hon
nhiéu so véi bot tao thong thuong (Bang 1).

Bang 1. Ham lugng vitamin trong bdt tao tay [14].

Vitamin Tao twoi | Khong xirly DIC | Co xir ly DIC
Vitamin C
(mg/100 g dm) 290 17 64
Vitamin A
(1g/100 g dm) 50 0,94 79

3.3. Giam thoi gian sy va tiéu hao ning lwong

Giai doan tai cau tric nguy@n vat liéu bai xir Iy DIC c6 tac dong dang ké dén dong hoc
ctia qua trinh say. Sy phong 1én va hinh thanh nhiéu 15 rdng trong nguyén vat liéu vai cau tric
nhu t6 ong gitip ting cudng trao d6i nhiét va trao d6i chat vai tac nhan sdy. Viéc van chuyén
nuéc tir bén trong ra phia bén ngoai dién ra nhanh hon so véi cdu trac dac chic cua vat liéu
khong xtr ly DIC. Gém Arabic khdng xir Iy DIC phai can t6i 4 gio say dé dat do am 9%, trong
khi d6 bot duoc xir Iy DIC (6 &p suat hoi P = 0,7 MPa va thoi gian t = 70 s) chi mat 90 phat
dé dat do am 9,5% va mat 120 phut dé dat 9% [10] (Hinh 5).

b
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5% ! ! ! r "
0 50 100 150 200 250
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=+ Khong DIC — DIC&0,7Mpava70s —* DIC & 0,63 Mpava 105 s

Hinh 5. Bong hoc qua trinh siy gom Arabic trudc va sau khi xi ly DIC [10].

Déi voi san pham bot tao tay, thoi gian sy dé dat 46 am 4% ciling giam manh tir 6 gio
(bot khong xir Iy DIC) xudng con 1 gio khi xir Iy DIC & &p suat hoi P =0,45 MPavat=12s
[14]. Trong quy trinh san XUt bot thi giai doan say 1a giai doan tiéu hao nhiéu niang luong
nhét. Viéc giam manh thoi gian sdy cua giai doan sdy két thdc (sau xir Iy DIC) giGp giam
dang ké tiéu hao nang luong.
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Cong nghé¢ giam ap sudt tuc thi DIC cho thiy c6 tiém ning 16n khi ap dung vao cac quy
trinh ché bién thyc phim va chiét xuit nho kha ning tao ra mot ciu tric mai voi nhiéu 15 rdng
cho cac nguyén vat liéu sinh hoc. Khi tng dung vao quy trinh san xuét bot thuc pham, cac
nghién ctru da chi ra nhiing uu diém vuot troi cua phuong phéap xu ly DIC so véi phuong
phap san xuét truyén thong Bot thuc pham duoc san xut bang cong nghé DIC c6 nhiéu tinh
chat dugc cai thién dang ké gitip nang cao chat lugng bot. Cong nghé DIC c6 kha niang khir
nhiém vi sinh vat va gitr duoc ham luong vitamin cao hon so voi bot thong thuong. Ngoai ra,
thoi gian sy giam dang ké sau qua trinh xtr Iy DIC ciing gitup giam tiéu hao ning luong va tur
do giam dugce gia thanh cua san pham Cudi cung, cac nghién ctru sdu va rong hon cén phai
duoc thuc hién dé c6 thé ap dung t6t hon cong nghé nay & cip do cong nghiép.

LOI CAM ON

Nghién ctru nay dugc tai trg boi Quy Phat trién khoa hoc va cong nghé Qudc gia
(NAFOSTED) trong d¢ tai ma so 107.99-2019.305.
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