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Tran Phwong Chi, Lé Thé Tam
Vién CN Hoa Sinh Méi truong — Truong Pai hoc Vinh

SUMMARY

OPTIMIZATION OF CAMELLIA SINENSIS L. LEAVES VACUUM DRYING
PROCESS BY RESPONSE SURFACE METHODOLOGY (RSM)

Vacuum drying process could be used for drying of matcha for better quality. The drying parameters,
such as,the plate temperature during drying, leaves layer thickness leaves on the plate and air
pressure were varied on the basis of Response surface methodology (RSM). Chlorophyll content and
moisture content of the product was measured. The optimized values of the drying parameters were
obtained to get moisture content of product within 4 to 4,5% (wet basis), maximum Chlorophyll content
. The optimized values of the vacuum drying parameters , viz. plate temperature, leaves layer
thickness and air pressure were 37°C, 20 mm and 0,0425 bar respectively

Key words: matcha, vacuum drying, chlorophyll content , optimization, response surface methodology
(RSM).

1. PAT VAN PE Say chan khong 1 phuong phép sdy trong moi
Matcha 1a mdt loai tra xanh dang bot si€u truong gén nhu chan khong. Vit séy duoc dua
min, duoc ché bién tir nhitng dot ché phat trién vao budng kin, sau d6 st dung may bom chan
trong diéu kién che bong truéc thu hoach khong dé tao méi truong ap suét rat thip. O
khoang 3 tudn v&i muc dich dé mot sé hop chit mdi trudng ndy, nude s& so6i & nhiét do rat thip,
hoéa hoc c6 1gi cho suc khoe dugc tich liy 1a su boc hoi nuée dién ra nhanh 1am cho vat séy
chlorophyll va L - theanine. Matcha khong chi khé nhanh hon véi sdy nhiét thong thuong.
ding dé ubng tryc tiép ma con duoc bd sung Nhiét d6 say thap ciing 1am cho san pham dau
vao cac san phém thure phém nhu: banh, keo, ra gitt dugc mau sdc, cAu truc, huong vi tbt
my, kem... va ung dung trong san xuit my hon. Trong nghién ctru nay, chung t6i khao sat
pham. Do d6, matcha tro thanh san pham dugc va tim ra ché d¢ sdy chan khong phii hop cho
wa chudng ¢ nhiéu nudc trén thé gidi va dang la ché dé san pham matcha giit duoc ham
duoc san xudt & nhidu nude nhu: Nhat Ban, lwong chlorophyll cao nhét.
Trung Qudc, Pai Loan, Han Qudc... Trong vai 2. VAT LIEU VA PHUONG PHAP
nam tré lai day trén thi trudng Viét Nam da bat NGHIEN CcUU
dau san xuat sin pham nay. 2.1. Vit li¢u, thiét bi

Trong qua trinh san Xuét tra matcha, cac Léa ché xanh dugc thu hai tai ddi ché thude xa
cong doan ché bién phai dugc kiém soat chat Long Son, huyén Anh Son, Nghé An. Mau thu
ché dé han ché su ton thit céc hop chét hoa héi duge rira sach, dé rdo. Thoi gian tu lac thu
hoc, nhat 1a chlorophyll, khién cho bot tra co hai dén Iuc xir Iy mau 1a 1-2 ngay.
mau xanh rat dam.. Tu sdy chan khong Memmert - Dirc
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May do quang phd Cary 60 UV-vis ctia hing
Aligent — My

2.2. Phwong phap nghién ciru

2.2.1. Quy trinh sin xudt bpt ché xanh dang
matcha

Nguyén liéu (4 -7 14)— Diét men(hip 85°C
trong 10s) — Lam khé — Tach cubng gan —
Say chan khong — Nghién —San pham

2.2.2. X4ac dinh ham lwgng chlorophyll

- Qua trinh tach chiét chlorophyll tir 14 ché véi
hé dung méi ethanol dwoc tién hanh nhu sau :
La ché xanh — Rura sach, dé rdo — Nghién
nhd — Can — Hoa tron dung moéi — U lanh &
nhiét d¢ 4-6°C — Ly tdm 3500/phut trong 10
phut — Do d6 hip thu quang.

- Pinh lugng chlorophyll tong s theo phuong
phap cua Zapata Garrido va cong sy (2000).
Ham luong chlorophyll trong ethanol dugc do
d6 hép thu quang & bude séng 665 nm va 652
nm. MAu tring 1a miu chi chira dung méi &
noéng d6 nhat dinh. Ham lwong chlorophyll
duoc tinh nhu sau:

[Chl-a] = 16.29x A665 — 8.54x A652

[Chl-b] = 30.66x A652 — 13.58x A665
[Chl-ab]=22.12x A652 +2.71x A665

2.2.3. Thiét ké thi nghiém va xir 1y s6 liéu
Phwong phap qui hoach thuc nghiém

Céc thi nghiém khi siy chan khong 1a ché dugc
thiét ké véi ba thong s6 doc 1ap: nhiét do sz‘iy,
bé day 16p sdy, ap sudt chan khong. Ké thia
céc két qua nghién ciru don yéu té da xac dinh
duoc mién bién thién cua céc yéu td thuc
nghiém tuong tmg céc bién nhu sau:

- Nhiét d6 tac nhén sdy: t = 30°C - 50°C, tuong
g voi bién ma hoa X,

- bo day 16p ché sdy: d = 20mm - 40mm,
tuong tng voi bién ma hoa X,

- Ap suét chan khong: p = 0,03 — 0,05 bar,
tuong mg voi bién ma hoa X;

Ham muyc tiéu quy hoach thyc nghiém la ham
luong chlorophyll(chl-ab) (mg/gck), trong 1a
ché giir lai dwoc nhiéu nhat.

Mbi yéu td tién hanh tai 5 muc (-0, -1, 0, +1,
+0u) theo s6 lidu (bang 1) v6i o = 1,68179 (k =
3).

Bdng 1: Bdng gid tri md héa va thie nghiém ciia cdc yéu té thue nghiém

L X Ky . Mikc
Bién so N Pon vi
hi¢u ) -a -1 0 +1 +a
Nhiét d6 tac nhan sdy X, oc 23,18 | 30 | 40 | 50 | 56,82
Do day 16p vat licu sy X, mm 13,18 | 20 30 40 | 46,82
Ap suét chan khong X3 Bar 0,023 | 0,03 | 0,04 | 0,05 | 0,057

Phuong trinh hdi quy béac 2 ¢6 dang:
Y=ao+aiX; +axXy + a3Xs +anXiXs +
anXiXs + aXoXs + anXi? + anXo? + a33Xs?
Xir Iy 56 liéu

X 1y s6 lidu thyc nghiém bang phan mém
thong ké Design-Expert 7.1 (Stat-Ease, Inc,
Minneapolis, USA) dé phan tich cac hé sb hdi
quy, bé miat dap mg va tdi wu héa voi thuat
toan ham mong doi [9]

3. KET QUA VA THAO LUAN

3.1. Xay dung dwong cong tbc dd thoat Am
ciia 14 ché khi sdy biang phwong phap siy
chin khong

Nhiét d¢ tic nhan sdy 1a yéu t6 chinh tac dong
dén sy bién thién cua d6 4m. Nhiét d6 tac nhan
sdy cao lam ton that ham lugng chlorophyll .
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Mit khac nhiét do tac nhan sdy thap qua s& kéo
dai thoi gian sdy va anh huong gian tiép dén sy
bién dbi chit lugng san phim.

bé xac dinh dugc khoang nhiét do va thoi gian
pht hop dé sdy san pham dat d6 4m yéu cau (4
- 4,5%), ching toi tién hanh sdy & cac mic
nhiét d¢ khac nhau (30°C, 40°C, 50°C, 60 °C),
bé day 16p say 1a 30mm, ap suét 0,04 bar. Sau
30 phat lai 1iy 14y mau ra can va xac dinh do
am. S lidu dugc thé hién ¢ bang 2




Bdng 2. Toc do giam am theo thoi gian sdy khi
sdy bang phwong phdp sdy chin khong

Thoi gian Téc d giam Am (%)
sdy (phat)| 30°C | 40°C | 50°C | 60°C
0 63,5 | 63,5 | 63,5 | 63,5
30 56,7 | 53,8 | 50,5° | 47,6
60 49> | 452 | 40,7° | 354°
90 41,5¢ | 36,5¢ | 31,6° | 23,8¢
120 | 33,80 | 27,9¢ | 23,50 | 15,74
150 | 26,7¢ | 21,3 | 16,7° | 9.6
180 | 204 | 1467 | 957 | 42f
210 142¢ | 8,11t | 43¢ -
240 9,6" | 4.2b - R
270 4,5 - - -
V(%) | 34 39 39 42
LSD (%)| 16 1,8 1,7 1,7

(Ghi chii: trong ciing mot cét, cdc két qua cé

3.2. T6i wu diéu Kki¢n siy chian khong la cheé
Sau khi khao sat cac diéu kién sdy chan khong,
chung t6i nhan thiy nhiét do, bé dély 16p séy,
ap suét chan khong anh huong 16 rét dén mau
sdc, ham lugng chlorophyll ché sau sdy. Chon
nhiét do tic nhan sdy trong khoang 30°C -
50°C, do day 16p ché sdy 20mm - 40mm, 4p
suat chan khong 0,03 — 0,05 bar cho quy
hoach thyc nghiém. Quy hoach thyc nghiém
gdm 16 thi nghiém, trong d6 gdm 8 thi nghiém
tai nhan (quy hoach toan phan 2%), 6 thi
nghiém tai diém sao (2 thi nghiém cho mdi
bién) va 2 thi nghiém lap lai tai tdm, v6i ham
muc tiéu 1a ham lugng chlorophyll. Gia tri ma
hoa, két qua thiét ké v6i ma tran quy hoach
thue nghiém duogc trinh bay & bang 3.

Bang 3. Ma tran thyc nghiém voi 3yéu 16 nhiét
dé sdy, bé day 16p sdy, dp sudt chdn khéng va
két qua thi nghiém

\ ’ A A~ ~ ’. \ ~ , X X Y
cu’ng zt~nhf1t n?_ot chir cai thi khéng khdac nhau STT | X1 (°C) 2 3
co nghia o mirc p < 0,05) (mm) (bar) | (mg/gck)
Thoi gian va tbe d6 thoat 4m & nhiét do sdy 1 40,00 | 30,00 | 0,04 | 76,4762
khac nhau dugc biéu dién bang dudng cong 2 56,82 30,00 0,04 73,44
theo hinh 1 3 | 3000 | 40,00 | 005 | 7635
- 4 50,00 | 20,00 | 0,03 73,76
60
o 5 40,00 30,00 0,023 71,74
S —=3 6 50,00 20,00 0,05 75,78
2 oo e L
g e 7 | 40,00 | 30,00 | 0,057 | 73,15
7 0
i e 60 8 | 4000 | 46,82 | 004 | 74,08
& ool > 9 23,18 | 30,00 | 0,04 80,11
0 30 60 90 120 150 180 210 240270
Thoi gian sdy (phit) 10 50,00 40,00 0,05 71,62
Hinh 1. Dé thi biéu dién anh hwdéng cua nhiét 11 40,00 30,00 0,04 76,32
do dén téc dé thoat am ciia ché khi sciy chan 12 40,00 13,18 0,04 79,58
khong 13 30,00 20,00 0,05 79,23
Nhu vy nhiét d sdy tang 1én, tbc do giam am 14 | 50,00 | 40,00 | 0,03 71,52
cta 14 ché ting, dong thoi rit ngin thoi gian 15 30,00 20,00 0,03 77,92
sdy. Panh gia cam quan ché sau khi sdy & cac 16 30.00 40.00 0.03 76.64

ché d nhiét d6 khac nhau, ching t6i nhan thiy
1a ché khoé déu, mau xanh sang. Diéu nay cho
thidy phuong phap siy chan khong han ché
dugc ton that dinh dudng va gitr dwoc mau sic
cho 14 ché. Tuy nhién, khi siy & nhiét 6 60°C,
1a ché c6 mau sic nau sim hon, do do ching
t6i Iwa chon khoang nhiét do sy 30 °C - 50 °C
cho cac nghién ctru tiép theo.
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Phén tich su c6 nghia ctia m6 hinh véi thue
nghiém

Phan tich sy phu hgp cia md hinh va sy cé
nghia ctia m6 hinh dugc danh gia qua phan tich
phan ANOVA (bang 4) va cac chi s6 twong
quan (bang 5). Sy c6 nghia cua cac hé sb hdi
qui duge kiém dinh boi chuan F, voi cac gia tri




p< 0,05 cho biét cac hé sé hdi qui cb nghia. nghia théng k& véi do6 tin cdy 99,99%
Nhu vay, bang 4 cho thdy gia tri “Model-F- (p<0,0001)
value” 1a 160.05 va md hinh hoan toan co6 y

Bdng 4. Két qua phan tich ANOVA t6i wu qud trinh tong hop cdc yéu té

Yéu t6 Tong binh Béac "[rung binh Gid tri F Giatrip
phuong tw do | binh phwong : Prob >F
=
Mb hinh 120.74 9 1342 |  160.05| <o0.0001| ™
cy
A-Nhiét do 60.22 1 60.22 718.43 |  <0.0001
B-Bé day 16p sdy 28.74 1 28.74 342.82 | <0.0001
C-Ap suit chan khong 222 1 222 26.53 0.0021
AB 0.63 1 0.63 7.48 0.0339
AC 0.15 1 0.15 1.80 0.2278
BC 1.55 1 1.55 18.48 0.0050
A2 0.20 1 0.20 2.42 0.1707
B2 0.26 1 0.26 3.10 0.1288
2 17.72 1 17.72 21136 |  <0.0001
V6i tat ca cac yéu tb nhiét do, bé day 16p sy, md hinh. Piéu nay dugc minh hoa 13 hon khi
ap suat chan khong va ting cap yéu té déu co quan sat bé mat dap Gmg ¢ hinh la, hinh 1b va
gi tri “Prob >F” nho hon 0,05 cho biét ting hinh 1c

yéu td va gia tri AB, BC, C? c6 y nghia trong

Ham luong chlorophyll (mg/gck)

Ham luong chlorophyll (mg/gck)

B: Be day lop say (cm)
C: ap suat chan khong (bar)

Hinh 2a Hinh 2b

Ham luong chlorophyll (mg/gek)

-
0.03 "< ~.
e

.
0.025 ™ — 20
~ —

g
004, o 25
C: ap suat chan khong (ba’f))Ag\\\\ //%// 0
v B: Be day lop say (cm)
\
Hinh 2c

Hinh 2. Bé mat dap img cia timg cdp yéu té anh hiong
dén ham heong chlorophyll trong 1é ché sau sdy
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Két qua phan tich & bang 5 cho thiy R? =
0.9959 (R-Squared) gan bang 1, d¢ chinh xéac
phu hop 1a 39.099 ching t6 gia tri ham lugng
chlorophyll dugc do & thuc nghiém gan ding
véi gia tri cua dy doan ctia mo hinh.

Bdng 5. Két qud phan tich s phit hop ciia mé
hinh voi thuc nghiém

Thongsé | Gia | Théng | Gia tri
tri 50
Po léch R?
0 e 0.29 0.9959
chuan
Gia tri R?> hiéu
; 75.48 ’ 0.9896
trung binh chinh
Hé so bién R> du
: 0.38 j 0.9687
thién % doan
Tong binh Do chinh
h 4 hu
paong 3.80 | 4 PR 39 099
phan du dy hop
doan

M6 hinh hoan toan twong thich vdi thuc
nghiém biéu hién rd ¢ hinh 3.
Predicted vs. Actual

82 —|

80 | &

&

78 —| ,Z/

Predicted

76 —| o2
7

74 —| o

72 —|

70

Actual
Hinh 3. Su twong thich cua mé hinh voi thuc
nghiém
Tur cac gia tri phan tich c6 nghia ¢ trén, gia tri
ham mong doi duoc phian mém DX7 dua ra

dugc biéu dién theo phwong trinh thyc nghiém
cu thé sau:

Y= 76.39-2,10X; -1,45 X5+ 0,40 X3 - 0,28
X; Xy +0,14X; X5 -0,44 X5 X3 +0,15 X42 +
0,17 X2?- 1,38 X3?

Hay phuong trinh di loai bo cac hé sb anh
huéng khong dang ké:

Y = 62,83938 - 0,29939 X, + 0,042477 X, +
1223,66329 X3 - 0,0028 X; Xo + 1,375X; X3
- 4,4 X5 X3 +0,00148 X2+ 0,001,6745 X2 -
13828,84 X5?

Trong d6: Xy, X,, X5 lan luot 1a nhiét do, bé
day 16p sdy, ap suat chan khong

Y 1a ham lugng chlorophyll (mg/gck)

Thong qua hé sé hdi quy ctia cac phuong trinh
hdi quy va do thi (hinh 2) cho thiy tic dong
anh huong cia cac yéu to thuc nghiém dén
ham muc tiéu Y cu thé: Khi nhiét do ting trong
mién khao sat thi ham lugng chlorophyll giam
va nguoc lai, mat khac khi do day 16p vat liéu
ting trong mién khio sat thi ham luong
chlorophyll giam va nguoc lai. Két qua nghién
ciru nay cling phu hop véi tinh chat cua
chlorophyll 1a chat d& bi bién ddi trong qué
trinh sdy véi nhiét 4o > 40°C.

Tim gia tri t6i wu

Céc gia tri t8i wu cua cac bién doc 1ap thu duoc
bang cach giai phuong trinh hdi quy bac hai
bang phuong phap tdi wu hoa sé ciia phan mém
thong ké Design-Expert 7.1. Dit liéu phan tich
cho théy tai ché do séy chan khong : nhiét do
37°C, bé day 16p siy 20mm, ap suat chan
khong 0,0425 bar thi ché sau sdy gitt dwoc
mau xanh, han ché sy t6n that ciia chlorophyll
(ham luong chlorophyll 1a 80,07mg/gck) (theo
bang 6)

Bang 6: Diéu kién 16i uu, gid tri dw doan va thuc nghiém cua ham muc tiéu

Céc yéu tb . o Gia tri toi uu
] ] ] Ham muc tiéu (Ham
A= B-BE fiay C~ Apsudt lugng chlorophyll) Thyc nghiém Du doéan
Nhiét do 16p say chéan khong j j i
37 20 0,0425 Y 80,05 +0.03 80,07
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