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TOM TAT

Nghién ctru nham tim diéu kién tdi wu dé san xuéat bét ca chua bang ké hoach bac hai tam xoay
va phwong phéap téi wu héa da muc tiéu - str dung phwong phap ham mong dei. 20 thi nghiém thuwc
nghiém dwoc tién hanh dé xay dwng ham muc tiéu md tad sw anh hwéng cha ty 1é béd sung
maltodextrin vao dich trwéc sdy phun, nhiét dd khong khi sy, tbc d6 bom nhap liéu t&i qua trinh say
phun. Bang phwong phap ham mong dei da giai bai toan t6i wu héa da muc tiéu xac dinh dwoc ché
dd tdi wu cho qua trinh sdy phun dich ca chua nhw sau: ty 1&é maltodextrin/chat khd dich qua 52%,
nhiét dé khéong khi say 133°C, téc dé6 bom nhap liéu 27 ml/phat. Khi d6 hiéu suéat dat 74,2% va ham
lwong lycopen clia san pham 1 43,334 mcg%.

T khéa: Téi wu hda, say phun, ca chua.

ABSTRACT

The study aimed to find the optimal conditions for the production of tomato paste with 2-level
rotatable design and multi-objective optimization using the desirability function approach. 20
laboratory experiments were conducted to build the objective function that describes the influence of
maltodextrin on the rate of additional services before the sun spray, drying air temperature, pump
speed input to the spray drying process. By means of expected function it was able to solve multi-
objective optimization for determining the optimal mode for spray drying tomatoes translated as
follows: the ratio of maltodextrin/juice dry matter 52%, drying air temperature 133 °C, the rate of input
pump 27 ml/min. At this condition, the performance reached 74.2% and lycopene content of the
product is 43.334 mcg%.

Keywords: Optimization, spray-drying, tomatoes.

1. DAT VAN DE

Ca chua 14 loai qua chiia nhiéu thanh
phan dinh dudng c6 lgi cho stic khde, trong
d6 c6 lycopen. Ham lugng lycopen trong ca
chua tir 3,1 - 7,74 mg/100g qua tuoi. Lycopen
12 mot chat chéng oxy héa manh, gitdp cho co
thé phong chong cac bénh man tinh khong
14y nhu tim mach, ung thu,... (Agarwal & cs.,
2001). Vi ché dd &n téng cudng ca chua va
cac san phidm tu ca chua sé gép phan bd
sung thém ngudn lycopen cho co thé, gitp co
thé phong chéng bénh tat.

Do tap quéan va théi quen st dung thiic

4n tudi cua ngudi dan Viét Nam nén san
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pham ché bién tit ca chua chua phd bién.
San phidm ché& bién tit ca chua trén thi
trudng hién nay chu yéu 6 1a s6t ca chua hay
nudc ca chua ép. Hién ca chua & dang bot
van con rat it. Bot ca chua la san pham dé
bao quan, thuan tién cho viéc van chuyén,
gifi dudc huong vi tudi ctia qua ca chua va cé
thé st dung theo nhiéu cach dé tao cac loai
thuc phdm khéac nhau trong ché do &n nhu
nuée giai khat hodc dé niu cac mén &n
(Quach DPinh & cs., 1996) .

Say phun 12 céng nghé tién tién tao nén
cac san pham dang bot khé chat lugng cao.



Téi wu héa qua trinh say phun dich ca chua

Quaé trinh say phun tién hanh nhanh, khéng
kip d6t néng sdn phdm qua nhiét d6 cho
phép vi vay gitt dude mau sic, huong vi tu
nhién va lugng lycopen trong ca chua (Al-
asheh &cs., 2003; Quach Dinh, 2001).

S4y phun tao bdt ca chua chiu anh
hudng bdi nhiéu yéu t6 (Al-asheh &cs., 2003;
Banat &cs., 2002; Goula va Adamopoulos,
2007). Muc dich ctia nghién ctu 12 xac dinh
diéu kién t6i wu qua trinh siy phun tao bot
tit ca chua dé dat hiéu sudt thu héi sin
phdm cao nhat va san phdm c6 ham lugng
lycopen cao nhAt.

2. NGUYEN LIEU VA PHUONG PHAP
NGHIEN cUU

Nguyén liéu

Ca chua: sti dung ca chua giéng Savior -
trong tai Vién nghién cu rau qua, chon loai
chin 6 thoi ky chin dd

Maltodextrin: san phdm ctia Nhat, dang
bot min, trang, c6 DE < 15.

Thiét bi sdy phun

St dung may sidy phun BUCHI MINI
SPRAY DRYER B-191 ctia Thuy Dién.

Phuong phap phéan tich

Xac dinh ham lugng theo
phuong phap AOAC -941.15

X4c dinh ham lugng chat khé hoa tan:

bang chiét quang ké&

lycopen:

Xac dinh hiéu suat thu héi: Hiéu suat
thu héi san phdm dugc tinh bang % ludng
cha't khoé trong san pham so v6i lugng chat
kho trong dich qua trudc say phun.

Phuong phap t61 uu héa

T6i uu héa qua trinh nghién céu bang
phuong phap quy hoach thuc nghiém

(Nguyén Minh Tuyén, 2004). Cac budc tién
hanh nhu sau:

Truéc hét, tién hanh khao sat su anh
huéng cta ty 16 b6 sung maltodextrin,
nhiét d6 khong khi say, toc d6 bom nhap
liéu t6i qua trinh sy phun va khoang bién
thién ctia ching. Qua ca chua dugc chan ¢
nhiét do 88°C, thoi gian 1,8 phut. Qua sau
khi chan dugc lam ngudi bang nudc lanh
luadn luu va cha qua ray cé kich thuéde
1mm, x4c dinh néng d6 chat kho hoa tan
trong dich qud. Phéi ché dich qua véi
theo ty 1& khéi lugng
maltodextrin/tong lugng chit kho hoa tan
trong dich qua lan lugt la 25/75, 30/70,
35/65, 40/60, 45/55 (tuong tng 33%, 43%,
54%, 67% va 82%). S4y phun cac dich qua
v61 nhiét d6 khong khi vao: 130°C; ap suat
voi phun: 1,2 bar; téc dé bom nhap liéu: 30
ml/phut. Dé khao sat anh hudng cta nhiét
d6 khong khi sdy, dich ca chua dem siy

maltodextrin

phun dugdc phéi tron véi maltodextrin theo
ty 1é khoi lugng maltodextrin/téng chét
khé hoa tan ctua dich qua 1a 54%. Tién
hanh siy phun véi téc d6 bom nhap liéu 30
ml/phit, ap sudt voi phun 1,2 bar va nhiét
do sdy thay d6i 1an lugt 110, 120, 130, 140,
150, 160°C.

Anh huéng ctia toc d6 bom nhap lidu téi
qua trinh say phun dudc xac dinh bang cach
14y dich ca chua dem siy phun dugc phéi
tron maltodextrin theo ty 1& khéi lugng
maltodextrin/tong chat khé hoa tan cta dich
qua 1a 54%. Tién hanh say phun véi nhiét do
khéng khi vao 130°C, ap suédt voi phun 1,2
bar, t6c d6 bom nhap liéu thay d6i 10, 20, 30,
40, 50 ml/phut.

Tiép theo, x4y dung ma tran thuc
nghiém va tién hanh thi nghiém. P& khao
sat ving t61 uu, st dung k& hoach bac hai
tam xoay cho 3 yéu t6, mdi yéu té tién hanh
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tai 5 mic S6 lan thi nghiém dugc xac dinh
nhu sau: N= 2%+ 2%3+ 6 = 20.

Sau d6, quy hoach thuc nghiém goém 20
thi nghiém. Tinh toan hé s& hdi quy véi 2
ham muc tiéu 12 hiéu sudt thu héi san
phédm (Y,) va ham lugng lycopen ctia san
pham (Y,). Phuong trinh héi quy c6 dang
sau:

Y= apct a X+ aXpt aX; + a, X+
Agp X2+ 835K 2+ 2,X, Xot 23X, X5 + 85,X, X

Y,= byt b X+ bX,+ bX; + by X+
by Xy + by X2+ b, X, X+ b, X, X, + by n X, X

Trong d6: a, b 14 cac hé s6 hoi quy. X la
cic bién s6 hay cac yéu td anh hudng

Cubi cung, kiém dinh su c6 nghia caa hé
s6 héi quy va kiém dinh su tuong thich cta
md hinh. Ché& d¢ t6i uu dude xac dinh bang
phuong phap t6i uwu héa da muc tiéu -
phuong phap ham mong dgi. Tinh toan va xi
li k&t qua bing phan mém may tinh Design
- Expert 8.0.

Bang 1. Anh hudng ctia ty 16 bS sung maltodextrin dén hiéu sudt thu héi

3. KET QUA NGHIEN CUU

3.1. Khao sat cac yéu té anh hudng dén
qué trinh sdy phun
3.1.1. Anh huong ciia y I¢ b6 sung
maltodextrin vao dich trude say phun

Ty 1é b6 sung maltodextrin vao dich trude
sdy phun c6 anh hudng rd rét dén hiéu suat thu
héi va ham lugng lycopen trong san phim
(F=111,313; p<0,001; 0=0,05 va F=243,970;
p<0,001; 0=0,05). Khi ty 1& bd
maltodextrin thap, san phadm tao thanh c¢6 ham

sung

Iugng lycopen cao (Bang 1). Tuy nhién, tinh
dinh cua dich qua van chua dudc cai thién nén
san phaAm bam nhiéu 1én thanh thiét bi lam qua
trinh siy phun thuc hién kho6 khin va hiéu suit
thu héi san pham thap. Khi ting ty 1é
maltodextrin thi qua trinh siy phun duge thuc
hién dé dang hon, nhung lugng maltodextrin bd
sung thém nhiéu s& lam ham lugng lycopen
trong san phidm giam di. Nhu vay, chon ty 1& b
sung maltodetrin vao dich qua thich hgp 1a ty 1é
khéi lugng maltodextrin/néng dd chat kho hoa
tan cta dich qua ti 43% - 67% (Bang 1).

va ham

lugng lycopen

Khéi lwong maltodextrin/tdng chat kho
hoa tan cua dich qua

Hiéu suét thu hdi (%)

Ham lwong lycopen (mcg%)

33% 65,8+0,5 44469+94
43% 70,3+0,6 42059+476
54% 74,2+1,0 40344+334
67% 74,5+0,4 35915+985
82% 75,8+0,6 32977+126

Bang 2. Anh hudng ctia nhiét 6 khong khi sdy dén hiéu sudt va chat lugng cia bt
ca chua

Nhiét do say (°C) Hiéu suét thu hdi (%) Ham lwong lycopen (mcg%)

110 64,5+0,6 38.201+315
120 72,3+0,3 38.426+451
130 74,2+1,0 40.344+334
140 74,5+0,4 37.224+399
150 74,8+0,4 36.270+358
160 70,1+2,6 35.505+485
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Bang 3. Anh huéng ctia téc d6 bom nhap liéu dén hidu suét thu hdi

va chat lugng ctia bot ca chua

Téc d6 bom nhap liéu (ml/phat)

Hiéu suét thu hdi

Ham lwgng lycopen (mcg%)

10
20
30
40
50

77,3+1,0 39.234+244
76,8+1,5 39.435+420
74,2+1,0 40.344+334
70,8+1,1 40.321+259
65,1+0,6 39.173+107

3.1.2. Anh hwéng ciia nhiét do khéng khi sdy

Nhiét d0 khong khi sdy thadp qua hay
cao qua déu bat 1gi cho qua trinh sdy phun
dich ca chua. K&t qua &6 bang 2 cho thay
nhiét d6 khong khi sy anh hudng ro rét dén
hiéu sudt thu héi dich qua va ham lugng
lycopen cta san pham (F=137,772; P<0,001;
a=0,05 va F=57,072; P<0,001; 0=0,05). Nhiét
d6 khong khi sdy thap, do 4m san phdm van
con cao, nén bam nhiéu trén thanh thiét bi
lam giam hiéu suét thu héi ctia san phdm
sau sdy. Nhiét d6 khong khi sy tang lam do
Am sdn phdm giam, hiéu sudt thu héi va
ham lugng lycopen tang 1én. Khi nhiét dé
sdy tiép tuc tdng, qua trinh siy tao san
pham kho nhung ham lugng lycopen giam di
do tac dong ciia nhiét d6 lam tén that
lycopen. Nhiét d6 siy ting dén 160°C, hiéu
sudt thu hoi bat dau gidm do ¢ nhiét do nay
vat lidu sdy bi chay, san phdm sau siy giam
mui thom, mau dé tuci chuyén sang mau dd
thadm, ham lugng lycopen giam rd rét. Nhu
vay, nhiét d6 khong khi sy 6 khoang nhiét
d6 120 - 150°C thich hgp cho qua trinh say
phun bt ca chua.

3.1.3. Anh hwong cua téc do bom nhdp liéu
Téc d6 bom nhap liéu c6 anh hudng 16n

dén luu lugng dong nhap liu, niang suat

thiét bi va ca nhiét d6 khong khi diu ra. Téc

dd bom nhap liéu tang dong nghia véi thoi
gian luu cua vat liéu siy trong budng say
giam, luong hoi nuéc thoat ra ti dich qua it
hon lam d6 4m tang, phan hat 4m dinh lai
trong budng siy tang dan dén hiéu suat thu
héi san phdm sau qua trinh sy phun giam.

Két qua & bang 3 cho thay téc dd bom
nhap liéu anh hudng rat 16n dén hiéu suat
thu héi va ham lugng lycopen ctiia bot ca
chua (F=66,3; p<0,001; 0=0,05 va F=12,011;
p=0,001; 0=0,05).

Khi téc d6 bom nhap liéu thap, hiéu
sudt thu héi tuong d6i cao do san phdm sau
sdy c6 @6 Am th&p. Tuy nhién, ham lugng
lycopen khong cao do téc dd6 bom nhéap liéu
thap, thoi gian luu cta dich qua trong
budng say 16n, lycopen gidm do tac ddng cua
nhiét do. T6éc d6 bom nhap liéu tang lén,
hiéu suat thu héi san phdm giam di nhung
ham lugng lycopen ting do thdéi gian luu
cua vat liéu trong budng siy giam lam giam
tdc doéng cua nhiét do6 dén ham lugng
Iycopen. Téc d6 bom nhap liéu tiép tuc ting,
thoi gian Iuu ctia nguyén liéu trong budng
sdy giam, san phidm sau sdy c6 do 4m ting
lén, san pham sau sdy phun bam nhiéu hon
vao thanh thiét bi, hiéu suat thu héi va
ham lugng lycopen gidm. Vi vay tdc d6 bom
nhap liéu tu 20 - 40ml/phat thich hgp cho
qua trinh sdy phun dich ca chua.
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3.2. T61 uu héa qua trinh sy phun tao bot ca chua

Bang 4. Khoang bién d6i ctia cac yéut 6 anh hudng dén qua trinh
sy phun dich ca chua

Mtrc tién hanh

Céac yéu td
-a -1 0 +1 +a
X1 - Ty |é maltodextrin/chat kho cla dich qua (%) 35 43 55 67 75
X2 - Nhiét d6 sy phun (°C) 110 120 135 150 160
Xs - Téc d6 bom nhap liéu (ml/phat) 13,2 20 30 40 46,8

Quy hoach thuc nghiém gém 20 thi nghiém. Két qua thuc nghiém dugc trinh bay 6 bang 5.

Bang 5. Cac thi nghiém tién hanh va két qua

™ Ty le maltqdextri[\/chét kho Nhiét do say Téc do bom  Hiéu suatthuhdi  Ham lwong lycopen
dich qua c) (ml/phat) (%) (mcg%)
1 43 120 20,0 71,5 42.401
2 67 120 20,0 71,9 36.752
3 43 150 20,0 69,6 40.682
4 67 150 20,0 73,6 36.725
5 43 120 40,0 67,5 40.770
6 67 120 40,0 70,9 36.974
7 43 150 40,0 67,2 39.056
8 67 150 40,0 74,2 36.876
9 35 135 30,0 67,4 41.108
10 75 135 30,0 73,6 34.800
11 55 110 30,0 72,8 39.501
12 55 160 30,0 74,3 38.149
13 55 135 13,2 70,3 41.500
14 55 135 46,8 67,4 40.149
15 55 135 30,0 74,3 43.008
16 55 135 30,0 74,3 43.200
17 55 135 30,0 74,2 43.000
18 55 135 30,0 74,3 43.105
19 55 135 30,0 74,2 43.121
20 55 135 30,0 74,2 43.096

1018



Téi wu héa qua trinh say phun dich ca chua

Phan tich héi quy cho th&y chuén F cta hai
mé hinh 14n lugt bing 3179,07 (Y,), 914,23 (Y,)
cho thay hai md hinh hoan toan c6 y nghia
théng ké véi do tin cay 99,99% (P< 0,0001).

Chudn F cho “su khong tuong thich”
cua md hinh Y, 1a 2,30 (P=0,1908), Y, la
4,98 (P=0,0514) cho thay hai md hinh hoan
toan tuong thich vé1 thuc nghiém. Hon
niia, hé s6 tuong quan boi R* cia 2 mbd
hinh 1an lugt bang 0,9997 va 0,9988 cho
thay m6 hinh mo ta dén 99,97% va 99,88%
su thay d6i ham muc tiéu phu thuéc vao
cac bién anh hudng.

Hiéu suat thu hoi va ham lugng lycopen
ctia bot ca chua sau khi sy duge biéu dién
bing hai mé hinh bac 2 nhu sau:

Y1= 74,25 + 1,85X1+ 0,39 X2 - 0,86 X3 +
0,90X1X2+ 0,75X1X3+0,40X2X3- 1,32X21 -
0,24 X22 - 1,90 X32.

Y2= 43094,3 - 1911,77X1 - 427,02X2 -
377,65 X3 + 413,560X1X2 + 453,75X1X3
8,25X2X3- 1854,48X21 - 1546,54 X22
839,61 X32.

Lan lugt xét anh hudng cua tiing yéu
td6 (khi cac yéu t6 khac gii § mic trung
binh) dén hiéu sudt thu héi (Hinh 1) va
ham lugng lycopen (Hinh 2), ty lé khéi
lugng maltodextrin/téng chdt khé hoa tan
cua dich qua va téc dd bom nhap liéu cé
anh hudng rd rét dén hiéu sudt thu hoéi.

Hiéu suét thu héi

@

T T T T T T
-1.000 0500 0.000 0.500 1.000 1500

Mrc tién hanh thi nghiem

Hinh 1. Anh huéng ciia cac yéu té
dén hiéu suat thu hoi

(A: ty 1& maltodextrin, B: nhiét do sy, C: téc d6 bom)

Ham lugng lycopen bi anh hudng nhiéu
nh&t béi ty 1é khoi lugng maltodextrin/tong
ch&t kho hoa tan cua dich qua, sau dé 1a
nhiét do va téc d6 bom nhap liéu.

Hiéu suat thu hoéi Anh hudng nhiéu nhat
bdi ty 1& b6 sung maltodextrin vao dich qua
va toc do bom nhap liéu. Khi ty 1& bd sung
maltodextrin con thap, bot ca chua c6 tinh
hidt 4m 16n, bAm nhiéu 1én thanh thiét bi,
hiéu suat thu héi thap. Ty 1& maltodextrin
cang I6n thi qua trinh sdy phun dugc thuc
hién cang dé& dang, hiéu sudt thu hoi ting
1én. Téc @6 bom nhap liéu anh hudng téi thoi
gian luu cua dich qua trong budng say. Téc
d6 bom nhap liéu thap, thdéi gian luu caa
dich qua trong budng sy tiang lén, san pham
tao ra c6 d6 Am th&p va hiéu suédt thu héi
cao. Toc dd bom nhap liéu ting, thoi gian luu
cua dich qua trong budéng sdy gidm, dén mot
muc nao do, luu lugng dong nhap liéu qua
nhanh s& lam qué trinh béc hoi nudc x4y ra
khéng kip, san phdm cudi cung c6 do 4m cao
va hiéu suat thu héi giam ré rét. Ham lugng
lycopen cua bdt ca chua sau siy phun ciing
chiu anh hudng r6 rét bdi ty 1& b sung
maltodextrin vao dich qua. Maltodextrin
déng vai trd 1a chat mang gitip qua trinh siy
phun thuc hién dé dang. Nhung khi ty 1& bd
sung maltodextrin ting lam giam ham lugng
lycopen ctia san pham.

44000 —{

43000 —{

Ham lrong fycopen

42000 —{

41000 —

40000 ]

39000 —

T T T T T T
-1.000 -0.500 0.000 0.500 1.000 1500

Mtre tién hanh thi nghiem

Hinh 2. Anh hwéng caa c4c yéu té dén ham leong
lycopen

(A: ty 1& maltodextrin, B: nhiét do sy, C: téc do bom)
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Aty le

B:nhiet do

C:toc do bom

hieu suat

LYCOPEN

Combined

0.850808

0.991846

0.928744

0.000 0.250

0.500 0.750 1.000

Mrc tién hanh thi nghiém

Hinh 3. Mitc d9 dap &ng su mong doi - sdy phun dich ca chua

T6i vu héa

Qué4 trinh sdy phun dugdc tién hanh
sao cho thu dudc bot ca chua véi hiéu suit
va ham luong lycopen cao nh&t. Tién hanh
giai bai toan t6i uu bang cach chap muc
tieu theo thuat todn “ham mong dgi”. Két
qua t6i uwu héa thu dudge ty 1é
maltodextrin/ch4t kho dich qua 52%,
nhiét @ khong khi say 133°C, téc d6 bom
nhap liéu 27 ml/phat. Khi d6 hiéu sudt
dat 73,8% va ham lugng lycopen cta san
phém 1a 43.578 mcg%.

V6i diéu kién t6i vu nay thi muc tiéu vé
hiéu suat thu hoi dat 85% mong muén, ham
lugng lycopen dat 99% mong mudn va muc
tiéu chung dat 93% mong muén (Hinh 3).

3.3. Thi nghiém kiém chiing

Tién hanh siy phun ca chua véi céac
thong s6: ty 1& maltodextrin/chat kho dich
qua 52%, nhiét do khéng khi siy 133°C, téc
do bom nhap liéu 27 ml/phiat. Thi nghiém
dugc tién hanh 3 1an cho két qua hiéu suat
thu héi san phdm dat 74,2+0,3% va ham
lugng lycopen ctia bot ca dat
43.334£129 mcg%.

chua
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4. KET LUAN

Diéu kién t6i uu dé sdy phun tao bot ca
chua 12 ty 1& maltodextrin/chat khoé dich qua
52%, nhiét do khong khi sy 133°C, toéc do
bom nhap liéu 27 ml/phit. Khi d6 hiéu suat
dat 74,2% va ham lugng lycopen ctia san
pham 1a 43.334 mcg%.
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