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THU'C NGHIEM XAC PINH CAC THONG SO CONG NGHE CHINH
CUA QUA TRINH SAY MANG PO HAT GAC
THEO PHUONG PHAP SAY BOM NHIET

EXPERIMENTS OF THE MAIN TECHNOLOGICAL PARAMETERS DETERMINATION
FOR GAC FRUIT ARIL DRYING ON THE HEAT PUMP

Nguyén Trung Kién, Bui Trung Thanh
Truong Pai hoc Cong nghiép Thanh phé Ho Chi Minh; buitrungthanh@iuh.edu.vn

Toém tat - Bai bao trinh bay két qua nghién ctru thyc nghiém séy
mang dd hat gac béng phuong phap say bom nhiét. Dé xac dinh
céc thong sé téi wu cho qua trinh sy, cac thi nghiém duoc bé tri
theo quy hoach thwc nghiém tryc giao cap 2 va duoc toi wu héa
da muc tiéu theo phwong phap bé mét dap ng (RSM). Theo két
qua nghién ctru thuc nghiém, cac thdng sé cdng nghé téi wu da
xac dinh nhiét do sy ty= 44,16°C, nhiét do _ngwng tu hoi nwoce tai
dan lanh t; =14,30°C va véan tbc tac nhan sy v, = 2,6 m/s. Tuwong
rng voi che d6 tbi wu nay, cac ham muc tiéu dat gia tri toi wu gom
thevi gian sdy © = 11,27 gi®, dién nang tiéu thu tinh cho 1 kg am bay
hoi Ne = 4,363 kWh/kg 4m, phan tram ham lwong beta carotene
that thoat trong san pham sau sy B = 4,394%.

Twr khéa - bom nhiét; gc; sdy mang dé hat gc; sy lanh; thyc
nghiém da yéu to

1. Mé dau

Gac (Momordica cochinchinensis Spreng) 14 loai trai
cdy phé bién & Viét Nam va Péng Nam A, ¢6 ham luong
beta-carotene va lycopene rat cao, cac hoat chit nay chu
yéu tap trung & mang do bao quanh hat [1]. Beta-carotene
va lycopene 1a cic hoat chét tuy nhién c6 kha ning chong
0xy hoa tét va 1a ngudn cung cap vitamin A, ciing nhu kha
ning chdng ung thu. Cac nghién ciru da chi ra ham luong
beta-carotene cta géc cao gap 10 1an so véi ca rét va 68 lan
0 vdi ca chua [2]. Vi mang do bao quanh hat c6 tac dung
t6t d6i véi strc khoé, nhung kha ning bao quan sau thu
hoach con thip va chit lwong khong ddng déu, do phuong
phap sdy con nhiéu han ché.

Hinh 1. Qua gdc (khong can) 1- Vo qua gdc; 2 — Lép mau vang;
3 — Mang do hat gac

Céc hoat chit quan trong c6 trong qua géc rt nhay cam

v6i nhiét d6 cao, khi nhiét do tac nhan séy tg> 60°C, thoi

gian sdy kéo dai trén 16 gio, s& khién cac hoat chit nay

phan huy nhanh chéng [4, 8], cac chit phan huy nay chinh

1a nguyén nhan gy sim mau san phim, do d6 lam giam

Abstract - The paper presents the results of experimental research to
determine the technological parameters of Gac fruit aril drying process
in the heat pump dryer. The experiments are carried out according to
the level 2 orthogonal experimental plan, combined with multiple
response optimization according to Response Surface method (RSM)
to determine the optimal parameters (temperature of air drying,
temperature of moisture condensation, air velocity) in the Gac aril
drying process. As a result, the optimal parameters are determined as
follows: Temperature of air drying is t= 44.16°C, temperature of
moisture condensation is t; = 14.03°C, air velocity is vy = 2.6 m/s.
Corresponding to these optimal parameters, the objective functions
reach the minimum value, including the drying time t of 11.27 hours,
the specific energy consumption N of 4.363 kWh/kg vapor and the loss
of beta-carotene in Gac aril of the finished product B of 4.394%.

Key words - heat pump; gac fruit; gac fruit aril drying; cold drying;
multiple factor experiment

gi4 tri dinh dudng va mau sic ctia san pham Phuong phap
bao quan dong lanh c6 thé duy tri chat luong va mau sic
clia san pham nhung nang luong va chi phi van chuyén cao
hon, phuong phap say chan khong hodc say thang hoa cling
cho san pham chat lugng t6t nhung ciing gy tén kém
khong can thiét. GAc hiu nhu khong bi anh hudng & nhiét
d6 dudi tg < 60°C, do d6 sdy bom nhiét c6 thé thich hop, it
t6n kém va hiéu qua cao hon [3].

Hinh 2. Mang do hat gac chudn bi cho qud trinh say

Di c6 mot s6 cong bo vé say kho mang do hat gic nhu
Kha Chan Tuyén [4], sy bot vo gac bang phuong phap sdy
phun & nhiét d6 120°C cho san pham chat lugng tot, nhung
phai xay nho nguyén liéu va thém phu gia maltodextrin
10% dé bao vé cac hoat chat sinh hoc trong vat liéu.
Phuong phép sdy nay lam giam tinh ning ty nhién ciia san
phim va khong phu hop voi yéu cu da sir dung chat phu
gia trong ché bién. Nguyen Tan Diing [3], da t6i uu ho4 ché
d9 say lanh mang do hat gac ¢ nhiét d6 37,18°C, thoi gian
sdy tg =16,257 gio, van tc tac nhan vg = 9,38 m/s, cho két
qua ning luong tiéu thu la 66,98 kWh/kg, ham luong beta-
carotene bi mat 1a 5,04%, ham lwong 4m san phém dat duogc
1a 7,45%. Nang lugng dién cho ché d6 sy nay 13 qua cao,
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viéc tiéu thu dién nang cao co thé do van tdc tac nhan s?iy
qué 16n. Viéc say ¢ nhiét do thap ciing lam tang thoi gian
sdy, lam ting lugng dién ning tiéu thy. Kubola J. va cac
cong su [5] di cong bd anh huong ciia ham lugng lycopene
va beta-carotene trong dau gic trong 3 phuong phap siy
khac nhau gom: say bang khi néng (HA), siy bang khong
khi c6 d6 am tuwong ddi thap (LRH) va sdy bang birc Xa
hong ngoai (FIR) tai nhiét do tac nhan ty = 50°C, van toc

= 1,5 m/s. Hawlader M. N. A. va céc cdng sy (2006) da
cang bd nghién ctru sdy téo, 0i va khoai tdy voi tic nhan
séy 1a khi N2 hoac CO2 ¢ nhiét do 1a 45°C, do ém tac nhan
say 10% cho san pham c6 dac tinh vat Iy (40 x6p, kha nang
bu nuée, mau sdc) tot nhat, twong tu nhu siy chan khong
va sdy thang hoa. Auisakchaiyoung va cdc cong sy [71, sdy
khd mang do hat gac bang cach nghién nh6 nguyén lidu r0i
tao bot bang cach thém 1,5% methylcellulose, thoi gian on
dinh bot la 25 phut sau d6 cho vao khay dan mong dé siy
kho, két qua cho thay ham lugng beta-carotene va lycopene
cao nhit, mau sic tot nhat ¢ ché do sdy 70°C trong thoi
gian 1 gio va do day bot vat liéu 1a 1 mm. Do d6, khi siy
vat li¢u l1a mang géc & nhiét d6 cao hon 60°C, dé bao vé
duoc mau sic va hoat tinh sinh hoc cta géc, can phai xur 1y
nguyén lidu bang phuong phap co hoc va hod hoc. Bai bao
nay, tac gia trinh bay nham cong bb ché do sdy mang do
hat géc bang phuong phép say bom nhiét ma khong su
dung hoa chat, dong thoi tlet kiém dién nang ti€u thy. Cac
ham muc tiéu can dugc t6i wru hoa gdm: Thoi gian siy (1)
don vi thr nguyén (phut) dugc ma hoa Y1; Tiéu hao nang
luong dién riéng Ne don vi thir nguyén (kWh/kg), dwoc ma
héa Y2; Ham lugng beta-caroten bi mét trong san pham sau
khi say c6 don vi thir nguyén (%) duoc mé hoa Y3 dat gia
tri thap nhat cac gia tri trén phy thudc vao cac thong so
cong nghé gom: Nhiét do khong khi trong budng siy (tg),
don vi (°C), dugc ma hoa Xy; Nhiét dd ngung tu cia hoi
4m trong dan lanh (tf), don vi (°C), dwoc mi hoa Xz, Véan
tdc tac nhan sdy (Vg) dugec ma hoa Xz (m/s).

2. Vit liéu va phwong phap
2.1. Vit liéu
Géc nguyén liéu stir dung dé thi nghiém dwoc lwa chon

tai Thanh phd Hb Chi Minh, chon trai vira chin t6i, trong
luong mdi trai khoang 1,2 kg + 1,3 kg, ham luong & am cua
gac nguyén li¢u xac dinh bang _may do d9 am Ax1s -
AGS100 12 75%, san phim gic siy kho c6 ham lwong 4m
12 7,45%.

2.2. Dung cu do va thiét bi

H/’ 00

Hinh 3. So'd@6 nguyén Iy may sdy bom nhiét SOLDHCN;
1-May nen; 2-Dan ngung tu; 3-Buong say; 4-Tu dién;
5-Dan bay hoi; 6-Quat

Céc thi nghiém duoc thuc hién trén may sy bom nhiét
SOIDHCN cua Truong Dai hoc Cong nghiép Tp. Hb Chi
Minh, nhiét d6 va van tbc tac nhan sdy dugc hién thi va
kiém soat trong sudt qué trinh sdy. Nhiét do tic nhan say
¢6 thé diéu chinh tir 30 - 50°C bang cach diéu chinh van
tiét lwu nhiét va luu luong méi chat qua dan nong phu. Khéi
luong mau duoc theo ddi trong qua trinh siy bang can dién
tr Ohaus, nhiét d6 va d6 4m trong qua trinh siy do bang bo
diéu khién nhiét do Fox, van toc khong khi dugc xac dinh
bang may do vén tdc gié Extech, ham luong beta-carotene
dugc x4c dinh bang phuong phép séc ky 1ong HPLC thuc
hién trong phong thi nghiém.

Bing 1. Dung cu do va thiét bj thi nghiém

1T Tén dung cu do Ma Xuit xir Théng sb va dd chinh xac
1 May do vén tdc gié Tenmarns TM 4001 Taiwan | Do chinh xac +3%
2 | Piu do do nhiét o va do 4m Fox 300A Korea | Nnigtdo chinh xac +1%
D6 am am chinh xac +3%
3 | Thiét bi do cudong dd birc xa mit troi TM206 Taiwan | Do chinh xac +5%
4 | Candiéntu CAS SW -1WD Korea Do chinh xac +2¢g
5 Can xac dinh d6 4m Axis AGS100 Poland Do chinh xac +0,05%
Digital multimeter
5 | Pdng hd do dién van nang CHY-88A Japan | DC Dién ap: 500V, £ 1,0%
AC DPién 4p: 500V, + 1,2%
.z i Ché tao tai Khoa Cong nghé Nhiét Lanh, Trudn
6 May say lanh SOIDHCN Viet Nam Pai héc Céng nghé TP? H%‘) Chi Minh_ ¢

Cac phuong phap xac dinh ham muc tiéu trong qua
trinh thyc nghiém.

- Thoi gian sy duoc tinh tir lac bt dau siy cho dén khi
sdn pham say dat do am la 7,45%, duoc xac dinh bang dong
ho, dugc ma hoa Yy, don vi do bang pht.

- Chi phi ndng lugng riéng dugc ma hoa Y, don vi
kWh/kg duoc tinh theo:
N U.lcosp.r

e W Gl G2 (1)
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Trong d6: G - lugng nudc ban du ¢ trong vat liéu (kg);
G; - lugng nudce con lai trong san pham cudi cling (Kg).

Ham luong beta-carotene dugc xac dinh bing phan
trim ham luong beta-carotene that thoat trong san pham
[8], dugc ma héa Ys, don vi % trong san phim sau khi sdy
xong bang phwong phap HPLC theo TCVN 4715-90. Mau
dugc béo quan trong tai nhya kin hat chan khong theo yéu
cdu cua nha phén tich, dwoc giri mau dé xac dinh tai Trung
tam Dich vy Phan tich Thi nghiém TP. H6 Chi Minh -
CASE.
mg — My
———100% 2)

mS

Trong d6: ms va m; 1a ham lwong beta-carotene trong
mang d6 hat gic trudc va sau khi siy (mg).

3. Két qua va thao luin

Bai toan xac dinh cac ham muc tiéu duogc thue hién nhu sau:
3.1. Thiét lgp cac ham muc tiéu dé toi wu hoa [9]
3.2. 86 thi nghi¢m cén tién hanh

N =ng+n*+ng=2%+2k +no=19

Vé6i: k= 3; ng =2k = 8; n* = 2.k = 2.3 = 6; chon s thi
nghiém ¢ tam no = 5.

Gia tri cua diém sao:

a=\WN26D 26D _ [ 19262 56D _1 471

Mién thue nghiém dugc xay dung thong qua quy hoach truc
giao cap 2 bang phin mém Statgraphics. Sau khi tién hanh 19
thi nghiém, ta thu duoc két qua thoi gian sy, tiéu hao dién ning
riéng va do giam ham lugng beta-carotene trong san phim siy.

Bing 2. Két qua nghién ciu thuc nghiém

N Bién thue Bién dwoc ma hoa Gia tri ham muc tiéu
tg tr V3 Xo X1 X2 X3 Y1 Y2 Ys
1 47 22 35 | +1 | +1 +1 +1 680 6,56 5,156
2 47 22 15 | +1 | +1 +1 -1 793 3,49 9,95
3 47 14 35 | +1 | +1 -1 +1 620 6,31 4,45
o |4 47 14 15 | +1 | +1 -1 -1 730 3,97 8,896
5 37 22 35 | +1| -1 +1 +1 755 51 8,15
6 37 22 15 | +1| -1 +1 -1 830 3,15 13,462
7 37 14 35 | +1| -1 -1 +1 725 5,32 6,096
8 37 14 15 | +1 | -1 -1 -1 777 3,61 8,028
9 | 4936 18 25 | +1 |+1471 0 0 660 4,82 5,025
10 | 34,64 18 25 | +1 | -1471 0 0 784 3,55 9,141
e L2 42 2388 | 25 | +1 0 +1,471 0 772 3,59 8,004
12 42 1211 | 25 | +1 0 -1,471 0 680 4,56 5,372
13 42 18 397 | +1 0 0 +1,471 690 7,155 3,863
14 42 18 1,03 | +1 0 0 -1,471 815 3,306 | 10,881
15 42 18 25 | +1 0 0 0 740 3,98 4,977
16 42 18 25 | +1 0 0 0 715 3,76 4,242
no | 17 42 18 25 | +1 0 0 0 731 3,81 4,289
18 42 18 25 | +1 0 0 0 710 3,51 4,635
19 42 18 25 | +1 0 0 0 721 3,62 4,79
3.3. Thiét Iip mé hinh todn ciia thoi gian sdy Bing 3. Két qua 5 ché dp thi nghiém & tam
V6i két qua thi nghiém thu duoc, cac hé sb hdi quy TN | Xt | X | X | W1 Y2 Ys
duoc xac dinh theo (3): 9 0 0 0 740 | 398 | 4,977
XY y XX S 10 0 0 0 | 715 | 3,76 | 4,242
b = Z; z I :%( " S %XHYI ) 11 0 0 0 | 731 | 381 | 4,289
X 200X D (X)? 12 | o 0 0 | 710 | 351 | 4635
" : " 13 | o | o | o |721] 362 | 479
Trong d

19
D (X})?=9,369
i=1

Trong nghién ctru nay, 5 thi nghiém tai tdm duoc thuc
hién véi két qua sau:

Phuong sai tai hién tinh tir két qué trén:

SV -Y°)
2 _ u=1

589, 2
St = =

n-1  5-1

=147,3
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va sai sb tai hién S = 1,

* Kiém tra mirc y nghia ciia cac hé so

147,3 =12,136

Gié tri ctia cac hé s hdi quy bj, tvj Spj trinh bay & Bang 4
v&i muc y nghia p = 0,05, bac tu do f=no— 1 = 4, tra bang
ta duoc fos= 2,78 [10]. Tién hanh so sanh ty; véi t_ , néu

‘tbj‘ >t lay Bj = by, lay h¢ s6 hoi quy co y nghia tir bang

thong ke.

Bing 4. Két qud tinh todn cdc hé sé bj, suj, tsj cho ham Y1
TT bj Sbj toj

1 |bo= 733,053 | spo= 2,784 | tro= 263,276
2 |bi= -36,210 | sm= 3,457 | t1= 10,476
3 | b= 27,687 Sh2= 3,457 | tho= 8,010
4 |bs= -43305 | sis= 3,457 | ts= 12,528
6 | b= 5,000 Sbiz= 4,291 | toi= 1,165
7 |bs= -3,250 Sv2s= 4,291 | tozs= 0,757
9 | biz= -12,000 | shiz= 4,291 | thiz= 2,797
10 | bu= -0,242 spi= 3,965 | thuu= 0,061
11 | b»= 1,606 Sh2o= 3,965 | tho= 0,405
12 | bxs= 13,850 | spsz= 3,965 | thas= 3,493

Tr két qua trén cho thay, hé s6 hdi quy co y nghia gom
by, by, by, b3, bis, bz va gia tri bo, Swo Va to dugc tinh tir cac
phuong trinh trong [10], c6 dugc cac gia tri by = 724,066,
Spo = 7,793 va to = 92,91.

Vay, mé hinh hoi quy thuc nghiém cho Yi duoc thiét lap:
Y, =724,066—-36,210X, + 27,687 X,
—43,305X, —12X, X, +13,850X?

* Kiém dinh sy phit hgp ciia mé hinh

(4)

Phuong sai du: voi N = 19, k = 6 va két qua tinh toan
(Yi- Y )
Phuong sai du cua mé hinh tinh duoc:
19
- —Y.)?
,Zl:(Y' ) _1277,07

52, =1 = 98,236
19-6

. N-L
Xét ty sb:

_sh, 98,236
T s2 147,3

th

=0,0667

Tra bang Fisher v6i mac y nghia p = 0,05;
f1=19-6 =13 vaf, =5-1 =4, taco Foes(13, 4) = 5,89 [10].
So sanh F < Fo s (f1, f2) cho thiy mé hinh phi hop.

3.4. Thiét Idp md hinh toan cho ning lweng tiéu thu

0,01301 va

Phuong sai tai  hién: sch _ =0,0325

=4/0,0325 =0,1803

* Kiém dinh tinh y nghia ciia cic h¢ s6
Twong ty nhu cach tinh cho ham muc tiéu Y3, cac hé sé
cua ham muc tiéu Y2 dugc xac dinh trong Bang 5. Gia tri

cua cac hé sé hdi quy b,, toj Spj tinh dugc trong Bang 5. So
sanh, t, >t,(f)=278 céc hé s6 hdi quy ¢6 ¥ nghia.

Bing 5. Két qua tinh toan hé so b, svj, toj cia ham Y2

T bj Sbj toj
1 |bo= 4377 | sso= 0,041 | tro= 105,78
2 |bi= 0,407 | smi= 0,051 | t= 7,924
3 |bo= -0,190| s,e= 0,051 | to= 3,690
4 |bs= 1,195 | sm= 0,051 | tes= 23,26
6 |bw= 0,056 | shie= 0,064 | t1o= 0,882
7 |bs= 0,121 | sp23= 0,064 | toz= 1,901
9 |biz= 0,219 | shis= 0,064 | to1s= 3,430
10 |bu= 0,177 | sbuui= 0,059 | thu= 3,002
11 |b»o= 0,126 | sbzo= 0,059 | teo= 2,140
12 |bss= 0,660 | sps33= 0,059 | tes= 11,20

Tir két qua trén cho thay, hé sé hoi quy co y nghia gdm
b’0, b1, by, bs, b1s, b1 va bas, va gia tri b, Spo Va to duge tinh
theo [10], bo = 3,834, spo = 7,793 va to = 92,91.

M hinh hdi quy thuc nghiém Y duoc thiét lap:
Y, =3,834+0,407X, —0,190X, +1,195X, (5)
+0,219X, X, +0,177 X +0,660X?

* Kiém tra y nghia ciia ham hdi quy:

V6i phuong sai du (N =19, L = 6):

i(Y,fv,)z

WENIL T

Gia tri Fisher cua mo hinh la:
s2 0,058 _

s 0,0325

Tra bang gia tri Fisher [10] voi p = 0,05; f1 = 12 va

fo=4, suy raFops(12, 4) =5,91 > F. Két ludn, md hinh phu hop.

3.5. Thiét 1ap md hinh toan vé sw gigm ham luwgng
beta-carotene trong san pham

Tuong tw nhu tinh toan ddi voi ham Y1 va Yo, hé sb cua
ham hoi quy Y3 dugc trinh bay & Bang 6.

Phuong sai tai hién:

2 = 0. 4014 =0,101 Va s, =4/0,101=0,317
Bing 6. Két qud tinh todn hé sé by, sbj, tsj cho ham Y3
T bj Sbj tj
1 [bo= 6,811 Sh'o = 0,073 | tro=_ 93,481
2 | b= -1,082 | s;= 0,090 | tm= 11,962
3 | b= 1,064 | spo= 0,090 | te= 11,766
4 | bs= -2,174 | sp3= 0,090 | tis= 24,041
6 | bio=-0,716 | spi= 0,112 | teio= 6,377
7 | bas= -0,466 | Sphaz= 0,112 | tes= 4,150
9 | bisz= -0,250 | Sh1z= 0,112 | tiz= 2,222
10 | bu= 1,161 | shu= 0,104 | ten= 11,101
11 | b>= 0,979 Sh22= 0,104 | too= 9,432
12 | bss= 1,295 | sp3= 0,059 | tpgs= 11,200

* Kiém dinh y nghia cta cac hé sé
Gia trj hi quy by, t S5 dugc thé hién trong Bang 6. So sanh
t, >t (f)=2,78 [10] cho thay cac hé s6 hdi quy co nghia.

Tur két qua trén cho thy, hé s6 hoi quy co y nghia gdm
b’g, b1, by, b3, b1z, bas, b1, by va bss, va gid tri by, Sho VA to duge
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tinh theo [10] c6 gia tri bo = 4,582, spo = 0,204 va to = 22,472.
M0 hinh hdi quy thuc nghiém Y3 la:
Y, =4,582-1,082X, +1,064X, ~2,174X, ~0,716X,X, (g)
~0,466X,X, +1,161X 2 +0,979X 2 +1,295X 2
* Kiém dinh sy phit hop ciia mé hinh
Phuong sai du (N =19, L=09)

19

Z(Yi_Yi)z
s§u=7i:1N C ==""=0,321

Gia tri Fisher cia mo hinh: ¢ _Sq _ 0321 _ 3183

s 0.101

Tra bang Fisher [3] v6i p = 0,05; f1 = 19-9 = 10 va
f, =5-1=4 ta c6 Fops(10, 4) = 5,964. Ta thay F < F 5.

Két luan md hinh phu hop.

* T6i wu héa cac thong ) cong nghé

Muc dich cua t6i uu hoa cac thong s6 cong nghé la xac
dinh gia tri cac thng so dau vao de cac ham muc tiéu dat gia
tri thap nhat. D& toi uu hoa qua trinh say mang do hat gac bang
phuong phap say bom nhi¢t la tim ra gia tri cac yeu to dau vao
X1, X, va X3 trong khoang -1,471 < Xy, Xz, X3 < 1,471 dé cac
ham muc tiéu Y1, Yz, va Ys dat gia tri nho nhat. Trong nghién
cuu nay, phuong phap dap ing be mat (RSM) dugc st dung
de toi uu hoa cho qua trinh say. Cac thong so dau vao (X, Xz,
X3) cua qua trinh say bom nhi¢t mang do hat gac ¢ anh huong
dong thoi dén cac ham muc tiéu (Y1, Y2, Y3), voi mién xac
dinh la D(X) = {-1,471 < Xy, Xp, X3 < 1,471}.

Do do, bai toan t6i wu hoa 3 muc tiéu xac dinh ché do
say mang do hat gac bang bom nhiét duoc thiét 1ap co dang
nhu sau:

X =(X™, X, X" ) e D(X) [10]

Y, = flmm(Xf”‘,X;”",X;""):min f, (X, X5, X;)

Y, = fo (X XS XS ) = min £, (X, X, %) ()
Yy = fon (X7 X5% X3P ) = min £5(Xy, X5, Xs)

X :(Xl, X5, X3) S {—1,471S X X, Xy 51,471}

Str dung phan mém Statgraphics voi phuong phap dap
ung bé mat dé tinh toan toi uu hoa cho két qua cac bien
dang ma: )(1Opt =0,432; X;pt =-0,993; )(30pt =0,097.

Tuong ung gia tri ham muyc tiéu 1a: ym _g76 34 phut;
Y = 4,363kWhikg; Y, =4,394%.

Chuyén dbi qua bién thuc:

{7 =44,16°C; t =14,0°C; V™ =2,6mis

Hinh 4. Mang do hat gdc sau khi sdy bom nhiét

Estimated Resoponse Surface
X2=-0.993

Y1
I 660.0
Il 675.0
B 690.0
705.0
720.0
735.0
750.0
765.0
780.0
795.0
I 810.0
I 825.0

Y1

Hinh 5. Thoi gian sdy theo X2 = -0,993

Estimated Response Surface
X2=-0.993
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Hinh 6. Nang lwong tiéu thu theo X2 = -0,993

Estimated Response Surface
X2=-0.993
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Hinh 7. Ham luong beta-carotene theo X3 = -0,993

4. Két luan

Két qua toi uru hoa da muc tiéu qué trinh siy mang do hat
gic bing phuong phap siy bom nhiét tir thuc nghiém cho
thdy nhiét d6 tac nhan say trong budng siy la 44,16°C, nhiét
d6 ngung tu hoi 4m tai dan lanh la 14°C, van téc tac nhan
sdy la 2,6 m/s, ché do nay phu hop véi bao cao cua Vasile
(2016). Thoi gian sdy 1a 11,27 gio va muc tidu thu ning
luong riéng Ne 12 4,363 kWh/kg 4m so voi két qua nghién
clru truoe do la 16,257 gio va 66,77kWh/kg am [7]. Trong
khi d6 giam ham luong beta-carotene cua san pham sau khi
sy s0 Voi gac tuoi van thip hon thi ham luong beta-carotene
bi mit khong dang ké, thu dugc san pham dap tmg duoc yéu
cau vé chat luvong dinh dudng va mau séc, niang luong tiéu
thu giam mot cach dang ké. Do vay co thé ap dung ché do
cdng nghé vao trong san xuit cong nghiép.

TAI LIEU THAM KHAO

[1] T Kha, T. C., Nguyen, M. H., Roach, P. D., Parks, S. E., &
Stathopoulos, C., “Gac fruit: Nutrient and phytochemical
composition, and options for processing”, Food Reviews
International, 29(1), 2013, pp. 92-106.

[2] Vuong, L. T., Franke, A. A, Custer, L. J., & Murphy, S. P,
“Momordica cochinchinensis Spreng. (gac) fruit carotenoids
reevaluated”, Journal of Food Composition and Analysis, 19(6),



ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE DAI HOC DA NANG, SO 9(118).2017 - Quyén 2 29

(3]

(4]

(5]

(6]

2006, pp. 664-668.

Nguyen Tan Dzung, “Application of Multi-Objective Optimization
by The Restricted Area Method to Determining the Cold Drying
Mode of Gac”, Canadian Journal on Chemical Engineering &
Technology, 2(7), 2011, pp. 136-143.

Tuyen, C. K., Nguyen, M. H., & Roach, P. D., “Effects of spray
drying conditions on the physicochemical and antioxidant properties
of the Gac (Momordica cochinchinensis) fruit aril powder”, Journal
of Food Engineering, 98(3), 2010, pp. 385-392.

Kubola, J., Meeso, N., & Siriamornpun, S., “Lycopene and beta
carotene concentration in aril oil of gac (Momordica cochinchinensis
Spreng) as influenced by aril-drying process and solvents
extraction”, Food Research International, 50(2), 2013, pp. 664-669.
Hawlader, M. N. A, Perera, C. O., & Tian, M., “Properties of
modified atmosphere heat pump dried foods”, Journal of Food

(7]

(8]

(9]

Engineering, 74(3), 2006, pp. 392-401.

Auisakchaiyoung, T., & Rojanakorn, T., “Effect of foam-mat drying
conditions on quality of dried Gac fruit”, International Food
Research Journal, 22(5), 2015.

Cao-Hoang, L., Phan-Thi, H., Osorio-Puentes, F. J., & Waché, Y.,
Stability of carotenoid extracts of gac (Momordica cochinchinensis)
towards cooxidation - Protective effect of lycopene on B-
carotene”, Food Research International, 44(7), 2011, pp. 2252-2257.
Box, G. E., Hunter, J. S., & Hunter, W. G., Statistics for
experimenters: Design, innovation, and discovery (Vol. 2), New
York: Wiley-Interscience.

[10] Canh N, Planning experiments (Book), Published by VNU HCMC,

3th ed., Vietnam, 2004, pp. 120.

[11] Vasile Minea, Advances in Heat Pump-Assisted Drying Technology,

CRC Press, 2016, pp. 286.

(BBT nhén bai: 06/9/2017, hoan tdt thii tuc phan bién: 26/9/2017)



