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MO DAU

Trong nhitng nim gan day, nhitng thuc vat c6 chira nhitng hop chat thom hay nhiing
chiét xut cua chung da dwoc chl y va quan tdm cua nhiéu nha nghién ctru ciing nhu ngudi
sir dung bai vi chiing ¢6 tac dung sinh hoc lién quan dén an toan sic khoe va su phét trién
vé thé chit cho ngudi st dung. Nhirng tinh chat d6 c6 duoc 1a do thanh phan tinh dau va
thanh phan chuyén hoa thir cap cé trong thuc vat . Tinh dau duogc chiét xuat tir nhiéu loai
thuc vat khac nhau khdng chi c6 riéng trong hoa ma con ca cac loai thao dugc, cay cbi va
ca mot s loai nguyén liéu thuc vat khac. Trong cong nghiép, tinh dau thudng dugc chiét
XUat tir 14 cay tuoi hodc 1am khd mot phan bang phwong phép chung cét thuy phan 1a cach
pho bién nhat.

Tinh dau cua cdy an trai c6 mai ho Citrus c6 thanh phan chinh 12 limonene va céac
chat chéng oxy hda. Nhom cac loai tinh dau nay c6 thé cung cap cac chat chong khuan tu
nhién ma nganh cong nghiép thuc pham yéu ciu phai dap tng ca cac yéu cau cia nd va cua
nguoi tiéu dung. Viét Nam véi diéu kién thién nhién nhiét dgi rat thuan loi cho viéc hinh
thanh va phat trién cac loai thuc vat, cac loai cay c6 chira tinh dau dang dwoc khang dinh
la doi dao va doc dao. Trong d6, gidng cay c6 ho Citrus ndi chung va cay quyt noi riéng co
tiém ning 16n song chua duoc khai théc, tan dung, hau nhu chi méi sir dung mui, chua ché
bién va tan dung tinh dau tir vo va |a cua cac loai cdy an trai ho Citrus (cam, chanh, budi,
quyt, tac). Vi 1y do d6 chung em tién hanh nghién ciru dé tai nham muc dich tim ra diéu
kién ti uu trong viéc ly trich tinh dau, lua chon mé hinh dong hoc phil hop. Do vay, dé tai
“Nghién ctru mé hinh dong hoc ctia qua trinh chiét suat tinh dau tir vo quyt va danh gia
thanh phan hda hoc.” Viéc st dung mé hinh déng hoc trong qua trinh dé chiét tach tinh dau
s& mé ra nhiéu tiém ning hon trong viéc nang cao hiéu qua chiét tach tinh dau ciing nhu
chi phi san xuat kinh doanh tir d6 gitip ha gia thanh san pham, thuc day phét trién nganh
trong cay an trai c6 mai ho Citrus ndi chung va cay quyt ndi riéng khu vuc trong nudéc hién

nay.

Vi



CHUONG 1: TONG QUAN

1.1GIOI THIEU VE CAY QUYT

O nudc ta, quyt duoc trong phd bién & cac ving thude dong bang séng Ciru Long.
Pay 1a loai rat da dang vé gidng do sy lai tao gitta ching véi cac loai khac trong chi Citrus.
Sy khac nhau gitta cac gidng khdng chi & dic diém hinh thai, kich thudc qua ma con & ca
chét lwgng va mau sic thit qua. Bo phan cho tinh dau chu yéu 1a vo trai, ngoai ra trong 14
va hoa ciia cay quyt ciing c6 tinh dau nhung ham luong rt it.

e Tén khoa hoc: Citrus reticulata Bico

e Giai (regnum): Plantea

e B¢ (ordo): Sapindales

e Ho (familia): Rutaceae

e Chi (genus): Citrus

e Loai (species): C. Microcarpa

Thanh phan hoéa hoc ¢6 trong tinh dau quyt: p-micren (3%); octanal (0,2%); D-

limonen (93%); linanol (0,4%); a-terpineol (0,1%); decanal (0,2%); ...

1.2 TONG QUAN VE TINH DAU QUYT

Tinh dau gém nhiéu hop chat dé bay hoi (chu yéu la cac tecpen va céc tritecpenonit),
c6 mui didc trung tiy thudc vao ngudn goc cung cap nguyén liéu tinh dau. Hé thyc vat co
tinh dau khoang 3000 loai, trong d6 ¢ 150- 200 loai ¢6 ¥ nghia cong nghiép. Tinh dau la
hén hop céc chat hitu co tan 1an vao nhau, c6 mui dic trung. O nhiét d6 thuong hau hét tinh
dau & thé long, c6 khdi lugng riéng bé hon 1 (trir mot vai tinh dau nhu qué, dinh huong. ),
khong tan trong nudc hoic tan rat it, nhung lai hoa tan tét trong dung méi hitu co nhu ancol,
ete, chat béo...Tinh diu bay hoi v6i hoi nuéc, ¢6 vi cay va ngot, ndng bong va cé tinh sét
trung manh.

Tinh dau c6 hai loai: Nguyén chét va tinh dau hon hop

- Tinh dau nguyén chat: Hoan toan khong c6 doc té khong ¢ chat bao quan hda hoc nén
rat an toan cho ngudi stir dung va mang lai két qua nhanh khi diéu tri. Tinh dau xuat
phét tir nhiéu qudc gia. Mot trong cac nha cung cap tinh dau tai Viét Nam 1a cong ty
Tinh Dau Thién Nhién.

- Tinh dau khéng nguyén chat: Puoc pha tron véi cac loai tinh dau khac Thanh phan hoa
hoc cua tinh dau gém tecpen va nhitng dan xuit chira oxi cua tecpen (nhu ancol,
andehit, xeton, ete...). Mac du ¢ nhiéu cau tir nhu vay nhung thudng mot vai cau tu
chinh c6 gia tri va c6 mui dic trung cho tinh dau d6. Phuong phap phd bién dé tach
tinh dau tir cay co 1a chung cat bang 18i cudn hoi nudc. Néu cac chat trong tinh dau bi
phan huay bang chung cét 16i cuén hoi nudc thi nguoi ta sir dung phuong phap chiét
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bang dung mdi hitu co (vi du nhu ete dau hoa, benzen...). Vé mit thuc hanh tinh dau
c6 thé xem nhu “mét hdn hop thién nhién ¢6 mui, phan 16n c6 ngudn gc tir thuc vat”,
chi c6 mot sb it ngudn géc tir dong vat. Tinh dau duoc phan bé rong trong hé thuc vat,
dic biét tap trung mot sé ho nhu ho hoa tan, ho clc, ho hoa mdi, ho long no, ho sim,
ho cam, ho gimg.... Tinh dau dugc chiét tir moi bo phan cua cay nhu canh hoa, 14, canh,
ré, vo trai, hat, vo cay...

Tinh dau chua trong thuc vat c¢d thanh phan khéng 6n dinh. Ham luong tinh dau phu
thudc vao nhiéu yéu té nhu gidng, di truyén, dit trdng, phan bon, thai tiét, anh sang, thoi
diém thu hoach. Trong céc bo phan cua cay ham lugng tinh dau ciing khac nhau. Can phai
hiéu biét nhu vay dé xac dinh thoi gian thu hai cho ham luong tinh dau nhiéu nhét va chat
lwong tét nhat. Tinh dau 1a san pham cudi cing cua qué trinh trao d6i chat va khong duoc
st dung tré lai cho hoat dong song cua cay.

Thanh phan chinh trong tinh dau quyt 1a nhém terpene, cung véi mét sé hop chat
khac cua nhdm Sesquiterpene, c6 mot sé hop chat chira oxy (alcohyd, aldehyd, este).

1.3 TINH CHAT VAT LI VA HOA HQOC CUA TINH DAU

1.3.1 Tinh chat vat ly

O nhiét 6 thuong, tinh dau ¢ thé long, trir mot sé trudng hop dic biét nhu menthol,
camphor...1a & thé ran. Tinh dau gin nhu khong tan trong nudc va dé bay hoi, do vay c6
thé tach thu tinh dau bang phuong phéap chung cat 16i cudn hoi nudc. Tinh dau rat it tan
trong nudc, tan tét trong con va cac dung moi hitu co, cac loai dau ma, co thé tan mot phan
trong dung dich kiém,... Pa sb tinh dau khéng c6 mau hoic mau vang nhat, mot sé tinh
dau c6 mau, nhu tinh dau qué c6 mau nau sam, tinh dau thymus c6 mau do6. Tinh dau thuong
c6 vi cay va hic. Ty trong cua tinh dau thuong khoang 0,80 - 0,95, c6 mét sb tinh dau nang
hon nude nhu tinh dau dinh huong, tinh dau qué. Ty trong thay d6i theo thanh phan héa
hoc. Néu tinh dau c6 thanh phan chu yéu 1a hydrocarbon tecpenic thi ty trong thap, tinh dau
c6 hop chat chira oxi hodc nhan thom thi ty trong cao hon.

Tinh dau thudng c6 chi s6 khic xa vao khoang 1,45 - 1,56. Chi sé khic xa cao hay
thap tly theo thanh phan cac chat chira trong tinh dau 1 no, khdng no hoic nhan thom. Néu
trong tinh dau c6 nhiéu thanh phan c6 nhiéu nbi doi thi ¢6 chi s6 khic xa cao. Chi s6 khuc
Xa bi anh hudng bai yéu té nhiét d6. Khi do chi sé khic xa & nhirng nhiét do khéc nhau thi
cho két qua khéac nhau, nhiét do cang 16n thi chi sé khic xa bién thién theo huéng giam va
nguoc lai. Goc quay cuc (a)D cua tinh dau thé hién kha ning hoa tan caa tinh dau trong cac
loai dung méi, néu (a)D cang 16n thi c6 thé hoa tan tét trong dung méi phan cuc, nguoc lai
(0)D cang bé thi c6 thé hoa tan tét trong dung moi khong phan cuc. Nhiét ¢6 anh huong téi
goc quay cuc, nhiét do khi do goc quay cuc tang thi goc quay cuc ciing tang theo va nguoc
lai. V1 tinh dau 12 hdn hop nén khong c6 nhiét do sdi nhat dinh.



Diém sdi cua tinh dau thay ddi tiy theo thanh phan hop chat. Vi du, hop chét tecpen
c6 diém sbi 1a 150-160°C, hop chit sesquitecpen c6 diém sdi cao hon khoang 250-280°C,
con cac hop chat polytecpen c6 diém sbi trén 300°C. Tir do, ta co thé tach riéng cac thanh
phan khéc nhau trong tinh dau bing phuong phap chung cét phan doan. Khi ha nhiét do
mat s6 tinh dau co thé két tinh nhu tinh dau hdi, tinh dau bac ha, tinh dau xa xi...

1.3.2 Tinh chat hoa hoc

Duéi anh huong cua nhiét do, anh sang, khong khi, nuéce, tinh dau dé bj oxi héa va
c6 thé bi nhya hda mot phan. Ancol trong tinh dau bi oxi hoa bién thanh andehit, andehit
bién thanh axit. Cac hop chét c6 néi d6i dé bj oxi hda hodc tham gia vao phan tng cong
hop. Céc hop chit xeton va andehit d& bi ancol hda tao nhwa khi c6 mit cua kiém. Nhiéu
thanh phan c6 cac nhom chic khac nhau cd thé tham gia cac phan ¢ng hda hoc, 1am thay
ddi tinh chat cua tinh dau.

1.4 NGHIEN CUU TRONG VA NGOAI NUOC

1.4.1 Nghién ctru trong nwoéc

Trong nhitng nim gan day, nhitng thuc vat c6 chira nhitng hop chat thom hay nhiing
chiét xuat cua chung da duoc chi y va quan tam caa nhiéu nha nghién ctru ciing nhur nguoi
sir dung bai vi ching c6 tac dung sinh hoc lién quan dén an toan sirc khoe va su phat trién
vé thé chat cho ngudi sir dung [1-4]. Nhitng tinh chat 6 c6 duoc la do thanh phan tinh dau
va thanh phan chuyén hoa thir cap c6 trong thuc vat [4-5]. Tinh dau dugc chiét xuat tir nhiéu
loai thuc vat khac nhau khong chi cé riéng trong hoa ma con ca cac loai thao duoc, cay cdi
va ca mot s loai nguyén liéu thuc vat khac. Udc tinh trén thé gigi co khoang 300 000 loai
thue vat va 10% trong s6 d6 co thé chiét xuat thanh tinh dau va duoc sir dung nhu 13 mot
ngudn nguyén liéu cho viéc tao ra san pham. Trong cdng nghiép, tinh dau thudng duoc
chiét xuat tir 1a cay tuoi hodc lam khd mot phan bang phuong phap chung cat thuy phan la
cach pho bién nhat. Str dung cac chiét xuat tir nhitng thuc vat thao moc 1a mot phan trong
thi truong canh tranh va chling anh huong khong nho dén thi truong thuée, thie an, my
pham va nuéc hoa. Chau A 1a noi cuc ki thuan loi cho viéc phat trién tinh dau. Ptng dau
la Trung Qudc va An D9, sau d6 la Indonesia, Sri Lanka va Viét Nam.

Tinh dau caa cay an trai c6 mai ho Citrus c6 thanh phan chinh 1a limonene va cac
chat chdng oxy hoa [5-6]. Cac dic tinh khang khuan cua tinh dau da duoc céng nhan trong
nhiéu thé ky, v&i nhu cau ngay cang ting tir nhitng thay d6i trong xu huéng tiéu ding va
tang su phan 1ap mam bénh khang khang sinh, can phai tim ra cac chat diét khuan dya trén
hoa chat. Tinh dau tir cac loai 4n trai c6 mai ho Citrus khéng chi dé su dung trong thuc
pham ma con duoc céng nhan 1a an toan va cé tac dung wc ché ca o dang dau va hoi truc
tiép chdong lai mot loat vi khuan Gram dwong va Gram am. Nhom céc loai dau ndy c6 thé
cung cap cac chat chong khuan tu nhién ma nganh cong nghiép thuc pham yéu cau phai



dap ung ca cac yéu cau cua no va cua ngudi tiéu dung[7]. Hop chat D-lemonene c6 hoat
tinh hda hoc tét chdng lai nhiéu loai bénh ung thu nhu ung thu v va ung thu dai truc trang.

Phuong phap phé bién dugc dung dé trich ly tinh dau tir thue vat dé chinh 1a thuy
phan bang chung cat (Hydrodistillation), chung cat 18i cudn hoi nudc (steam distillation),
chung cit truc tiép v6i nude va hoi nuwéc (steam and water distillation), ngdm dam
(maceration), phuong phap €p nén (expression) [8-9]. N6 duoc chitng minh thong qua mét
sb nghién ctru, rang chat lwgng cua tinh dau cha yéu phu thudc vao cac thanh phan caa né
ma cha yéu chiu anh huéng boi céc quy trinh chiét xuat. Nhitng phuong phéap nay dé thuc
hién ¢ qui mé phong thi nghiém 1an qui mé céng nghiép. Chi phi cho san xuat thap, gia
thanh san pham khéng cao vi thé phuong phap thity phan bang chung cit dugc thuc hién
trong nghién ctu nay.

1.4.2 Nghién ctru ngoai nwoéc

Trong cong nghiép, tinh dau thuong duoc chiét xuat tir vo qua tuoi hoac lam kho
mot phan bang phuong phap chung cat thuy phan 1a cach pho bién nhat. Mic du cong nghé
chung cat dé chiét xuat tinh dau da duoc phét trién day du tir dau thé ki X111, nhung nhu
cau vé tinh dau ngay cang tang trong nhitng 50 nam gan day nho cac dic tinh khang khuan
va khang oxy hda ciia n6 [7, 8]. Canh dé, van dé an toan thuc pham da khién nguoi sir dung
c6 xu hudng dén cac san pham tir ty nhién trong dé tinh dau quyt dang dugc cha ¥ dén vé
ca chat luong 1an ham lwong cua né.

Hau hét cac loai quyt déu c6 chia tinh dau trong v, trong 14 va hoa. Ham luong
trong vo trai thuong rat cao, trong 14 va hoa ciing chira tinh dau. Thanh phan cha yéu trong
tinh dau vo trai hau hét 1a cac hop chat thuoc nhém terpene, alcohol, ester tao nén mui thom
dic trung cua tinh dau. Tinh dau tir vo quyt chira chu yéu la Limonene, B-Mycrene, B-
Pinene [9, 10]. Tinh dau trong 14 ciling 1a nguon nguyén liéu quan trong trong cong nghé
ché bién thuc pham. Ham luong tinh dau trong vo rét cao tir 1.5-2.5%, thanh phan hoa hoc
chu yéu la Limonene. Trong la chira khoang 0.2-0.3%, tinh dau véi thanh phan chinh la
Linalool [11]. Ngoai cac hop chat chinh nhém Terpen, ciing mét s6 hop chéat khac thugc
nhom sesquiterpen, trong tinh dau con c6 mot sb chét chir oxthen (alcol, aldehyde, ester).
Nhiing thanh phan nay lam cho tinh dau cé hoat tinh khang khuan, khang oxy héa va duoc
g dung rong rai trong cac linh vuc my pham, duoc pham vay té.

Tinh dau tir ho Citrus thuong thu bang phwong phéap thay phan [12 — 15]. Uu diém
phuong phap nay don gian, an toan khi van hanh, than thién véi méi truong va san xuat
tinh dau cay ho Citrus chat lugng cao, phuong phap nay thuong dugc sir dung nhat & ca
phong thi nghiém va quy mé cong nghiép. Trong thap ky qua, chung cat 16i cudn hoi nuéc
cb dién da duoc cai thién bang cach chiéu xa vi séng 1am néng hé théng nude chung cua
nguyén li¢u thyc vat. Phuong phap nay dua trén kha niang ctia cac hop chat dé hap thy ning
lwong vi song khi tiép xic véi chiéu xa vi song. Thay phan hd tro bang vi séng da duoc sir
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dung rong rai dé co 1ap tinh dau tir cac nguyén liéu thyuc vat khéac nhau [16-22]. Bang hoc
qua trinh va tam quan trong cua né khong chi ddi véi su hiéu biét co ban ma con cho thiy
kha nang t6i wu hoa, diéu khién va thiét ké cac qué trinh thiy phan céng nghiép. Cac mo
hinh déng hoc cling véi hiéu suit va thanh phan tinh dau rat quan trong ddi véi cac qua
trinh thuy phan tir goc do cong nghé va ca kinh té.

Pong hoc cua phuong phap chung cét 16i cudén hoi nude di duoc nghién ciu rong
rdi va tai liéu vé dé tai ndy gan day di duoc xem xét, nam 2008 S. Z. Milojevi va cong su
nghién ctiru dong hoc cta qué trinh chung cét tinh dau cay bach xu bang phuong phap HD
bang md hinh hai tham sé khuéch tan trang thai khdng 6n dinh qua thuc vat, M6 hinh duoc
dé xuat theo phuong trinh 1 [23].

In (%) = In(1 — b)kt (1)

Céc tac gia béo céo rang téc do thiy phan va ti 1é qua mong-nuéc anh huéng dén
téc do chung cat, thoi gian, Hiéu suatcia cdy bach xu. Ca téc do chung cat nhanh va hiéu
suit cua tinh dau déu ting theo tc d6 thiy phan. Téc d6 chung cit tinh dau nhanh ting va
hiéu suat tinh dau giam di mot phan vai ty 18 qua mong-nude ting. Phuong trinh ndy ciing
duoc bao céao trong nghién ciru cua L.T. Stanisaljevic va cong su nam 2010 [24] trong qua
trinh chiét xuat tinh dau 14 Cherry Laurel va nghién ctiu ciia J. Pornpunyapat va cong su
nam 2011 [25] vé tinh dau tram huong, dong hoc qua trinh chiét xuat dwa vao co ché qua
trinh thuy phan 2 giai doan: giai doan rira va giai doan khuéch tén.

Nam 2012 H. H. Muhammad va cong su [26] bao c&o viéc toi wu héa va mo hinh
hoa qué trinh chung cat tinh dau sa véi phuong phap thay phan néng ohmic, mét phuong
phap cai tién cho viéc khai thac tinh dau tir thuc vét duoc gia dinh va xac minh trén co ché
bac hai theo phuong trinh 2:

Ce=t/[(1/h) + (t/C5)] ()

Két qua thé hién dong hoc va co ché qua trinh chung cat thiy phan ndng ohmic cua
dau sa duoc chiing theo mé hinh bac hai. Téc d6 chiét xuat ban dau (h) 12 0.125 g.Lt.min’
1 cong suat khai thac (Cs) 1 5.787 g. L%, hang sé trich xuét bac hai (k) 12 0.004 L.g™t.min’
1 va hé sb xac dinh (R?) 12 0.976.

Nam 2014 M. A. Desai va cong su [27] thuc hién viéc mo hinh héa ciing nhu nghién
ctu toi wu hoa dé khai thac dau thiét yéu tir 14 sa bang HD. Cac md hinh dua trén phan viing
nhiét dong hoc va giai hap dong hoc. Tac gia s dung mo hinh dong hoc giai hap 1 giai
doan (phuong trinh 3) va dong hoc giai hip 2 giai doan (phuong trinh 4)

::—Z =1- e_kt (3)
=1 [Fe ] — [(1 - F)e™%!] (4)



Két qua chi ra ring md hinh giai hip hai giai doan dung dé md ta trang thai khai
thac, hang s6 toc do trong pham vi 0.1724-0.2623 min trong truong hop phan chiét xuat
nhanh va 0.007-0.0577 mint cho phan trich xuat cham hon. Sy phil hop dit liéu ciing chi
ra rang viéc trich xuat duoc kiém soat bang khuéch tan noi bao.

Nam 2016 M. Samadi va cong su [28] nghién ctiru md hinh hda hoc hoc cua qué trinh
chung cit HD cua tinh dau tram huong bang cach danh gid mé hinh dong hoc bac nhat
(phwong trinh 5) va mé hinh rtra va khuéch tan ddng thoi (phuong trinh 6). Két qua chi ra
rang mo hinh rira dong thoi va khuéch tan mé ta tét hon co ché thiy phan cua tinh dau tir
la cay trAm hon. Canh d6 thoi gian téi wu, ti 16 ran long va cdng suat gian hiét dé chiét xuat
tinh dau cao nhat duoc tim thay trong khoang 3 gid, 1:10 (gr/ml) va 300 W. Tinh dau mau
vang, mui manh va hiéu suat 0.05 v/w.

qio =1— ek )
"‘;;" =(1—b).e7k (6)

Mot mé hinh dong hoc cai tién tir tién dé nghién cau 2008 cua tac gia. Nam 2013 S.
Z. Milojevi va cong sy [29] d& cap dén mé hinh dong hoc cua chiét xuat tinh dau tir nguyén
liéu thuc vat bang phuong phap chung cit nude va hoi nudc.

Trong sé cac md hinh dong hoc, mé hinh duoc ap dung nhiéu nhat 1a mé hinh lién
quan dén rira ddng thoi va khuéch tan. D6i véi ki thuat thuy phan nay, mé hinh bac nhat
duoc chirng minh 12 tét nhat. Cho dén nay, md hinh gia dinh rua tac thoi va khuéeh tan 1a
co so sir dung dé mo ta sy thay doi thoi gian caa hiéu suat tinh dau. Bé mé ta dong hoc cua
chiét xuat tinh dau, cac nha nghién ctru chii yéu sir dung cac mé hinh dua trén céc quy luat
vat ly. Cac mo hinh thyc nghiém ciing c6 thé duoc sir dung dé mé hinh hoéa dong hoc cua
chiét xuat tir cac nguyén liéu thyc vat khac nhau. Chung nhu mét quy tic, don gian hon céac
md hinh dwa theo cac quy luat vat ly, véi do chinh xac twong d6i cao va c6 thé duoc sir
dung trong k¥ thuat. Cac mé hinh thuc nghiém dya vao sy sap xép cac gia tri dau vao thanh
c4c gid tri dau ra ma khong mé ta ré rang chinh qué trinh. Trong d¢é tai nay, sir dung cac mo
hinh todn hoc dua trén dir liéu thuc nghiém trén co s& nghién ctu caa M. Samadi va cong
su [28] ndm 2016, cic mé hinh t6i wu dwgc hinh thanh va céc gia tri sai sb lién quan dén
dir léu phai tbi thiéu. Phan tich hoi quy 1a mot trong nhitng ky thuat duoc sir dung dé thé
hién méi quan hé giira cac bién va dé danh gia tac dong cia mot hoac nhiéu bién d6i véi
bién khac. Diéu nay dat duoc bang cach chon phuong trinh hoi quy thich hop. Trong dé tai
nay, md hinh tuyén tinh dwoc trinh bay. N6 mé ta viéc chiét xuat cac loai tinh dau tir cac
loai quyt Viét Nam. Do phu hgp cia mé hinh dugc so sanh vai cdc moé hinh co lién quan
duogc st dung phd bién nhat ¢é mé hinh hoa dong hoc ctia qué trinh chiét xuat tinh dau bang
phuong phap chung cat 16i cudn hoi nuéc. Ngoai ra, thanh phan hoa hoc caa tinh dau tir vo
quyt thu duoc bang ki thuat chung cit 18i cudn hoi nude dugc phan tich.



CHUONG 2: NOI DUNG VA PHUONG PHAP NGHIEN CUU

2.1 NOI DUNG NGHIEN CUU

Khao sét cac yéu td anh huong dén qua trinh chiét xuat tinh dau tir vo quyt nhu kich
thudce nguyén liéu, ti 1€ nudc va nguyén liéu, nhiét d6 va thoi gian

Khao sat va tinh toan céc thong sé dong hoc theo thoi gian anh huong I8n higu suat
tinh dau 10 phat/1 lan doc thé tich tinh dau va sé& két thuc qua trinh khi lwgng tinh dau gan
nhu khong tang.

Céc tham sb ciia md hinh: Kk, b, R? dugc xéac dinh bang phuong phap hoi quy tuyén
tinh dya vao céc gia tri thuc nghiém dya vao do thi twong quan q va t. Xt ly dix liéu bang
phan mém OriginPro 9.

Panh gia va lya chon mé hinh déng hoc, xac dinh mé hinh dong hoc ap dung trén
tinh dau dua theo hai co ché (rta: tinh dau thu duoc tir cac bé mit caa nguyén liéu, khuéch
tan: tinh dau di tir bén trong nguyén liéu ra bé mat caa nguyén liéu).

Xac dinh thanh phan héa hoc cua tinh dau bang phuong phap sic ki khi phdi phd
GC-MS.

2.2 PHUONG PHAP NGHIEN CUU
2.2.1 Phwong phap bo tri thi nghiém
2.2.1.1 Hoa chat thi nghiém
Céc hoa chat sir dung trong dé tai nay duoc liét ké theo bang 2.1 duéi day.
Bdng 2.1 Danh muc hda chat sir dung

STT Tén hoa chat S6 CAS Nha san xuat Do tinh khiét
Sodium sulfate anhydrous .
7757 - 82 - Xil %
N2,SOx 57-82-6 ilong 99 (%)
2 Nudc cat H.0 7732-18-5 Viét Nam -

2.2.1.2 Dung cu thi nghiém
Dung cu thi nghiém duoc sir dung trong dé tai ndy theo bang 2.2 sau day.
Bdng 2.2 Danh muc dung cu thi nghiém

STT Tén dung cu Loai Nha san xuit
1  Binh ciu day tron 1000 ml, @29-32 Prc
2 Thiét bi sinh han @29-32 Puc
3 Nhanh chiét @29-32 Puc




4 Bercher 250ml An Do
5  Ong dong thuy tinh 10 ml An o
6 Giads 25 x 16cm Trung Qudc
7 Kepsit 17cm Trung Qudc
8  Day dan nhua Vi¢t Nam
2.2.1.2 Thiét b thi nghiém
Bdang 2.3 Danh muc céc thiét bi thi nghiém
STT | Tén thiét b Hang Hinh anh
I |
an phan ‘ ‘
1 ca ,p a Ohaus ) |
tich | aal’ £
ZQ, ; ‘/
il
2 May xa:y Sunhouse H
sinh to
Bép dun
3 binh cau '
g -

2.2.1.3 Xu li nguyén li¢u
Nguyeén liéu duoc thu thap tir chg dau mdi nhap tir cac tinh dng bang séng Ciru
Long. Nguyén liéu duogc rira sach nhiéu 1an véi nude dé loai bo tap chat ban va bo nhing
nguyeén liéu bi hu. Nguyén liéu s& dugc dé theo tirng phan riéng vé kich thudc va thoi gian
phli hop véi tirng khao sat. Vi kich thuéc xay nhuyén ta bo vao may xay Sunhouse 100g
nguyén liéu vo quyt turoi bat & mac 2 trong vong 1 phut.



Hinh 2.1 Nguyén lidu quyt a) truéc khi xir 1y, b) sau khi xi Iy

2.2.1.4 Phan mém xu ly OriginPro 9
Céc tham s6 cua md hinh: k, b, R dugc xac dinh bang phuong phap hdi quy tuyén
tinh dya vao cac gia tri thuc nghiém dua vao do thi twong quan q va t. Xu ly dit liéu bang
phan mém OriginPro 9.
2.2.2 Phwong phap xac dinh hiéu suit trich ly tinh vé quyt
Hiéu suat trich ly tinh dau (mL/g) tinh theo nguyén liéu tuoi:

Y (mLig) = (--)
Trong d6: V: thé tich tinh dau thu duoc (mL)
m: khoi lugng nguyén li¢u (g)
2.2.3 Quy trinh chiét tach tinh dau vé quyt
Quy trinh chiét tach tinh dau vo quyt dugc thé hién theo so dd hinh 2.2 bén dudi



—
\/ Nguyén liéu |

Xu ly
v
—— »  Chung cat
Gia nhiét
\ 4
Phan tach
Na,SO, v

—_— Lam khan

_— ~—_
g e
=
< inh dau  ~
\//

Hinh 2.2 Quy trinh chiét tch tinh dau vo quyt

< Thuyét minh quy trinh:

Nguyén liéu dugc thu thap tir chg dau méi ta tién hanh xir 1y thé nhu rita sach va
loai bo cac nguyén liéu hu. Sau do, ta xir I nguy@n liéu theo ti 18 kich thudc dé dem di khao
sat. Tiép theo, cho nguyén liéu vao hé thong chung cat. Sau khi qua trinh chiét tach tinh
dau hoan tat ta tién hanh phan tach nudéc va tinh dau. Tuy nhién, trong tinh dau van con
chira nudc do d6 ta phai ding mudi Na2SO4 dé loai bo phan nudc trong tinh dau. Sau qua
trinh loai bo nudc d6 ta thu dugc tinh dau vo quyt tinh khiét.,

2.2.4 Khao sat c4c yéu té6 anh hwéng dén qua trinh chiét tach tinh dau vé

quyt

Qua trinh khao sét st cac yéu t6 anh huong dén qua trinh chiét tach tinh dau duoc
thuc hién theo phuong phap khao sat luan phién ting phan.

2.2.4.1 Khao st sy anh huong Cua kich thuéc nguyén ligu
Budc dau tién dé khao sat cac yéu té anh huong dén qué trinh chiét tch tinh dau vo
quyt la khao st kich thudc nguyén liéu. Cac kich thudc duoc khao sat gom: xay nhuyén,
dé nguyén va kich thudc khac. Ta tién hanh can 100g nguyén liéu tuoi vai timg kich thudc
nhu khao sat. Sau d6, ta dem chiét tach vai ti 16 nguyén liéu va nudc.

2.2.4.2 Khao sét sy anh huong cua ti 1€ nguyén liéu voi nuoc
Khao sat sy anh hudng cua ti 1€ nguyén liéu véi nude dugc thuc hién theo cac budc
nhu sau: DAu tién ta can 100g nguyén lidu tuoi theo kich thude da duoc khao sét tai thi
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nghiém trén. Sau d6 ta tién hanh chiét tach véi timg phuong phap trong thdi gian, cong
suit, nhiét do cua ting nguyén liéu khao sét theo ti 1& nguyén liéu voi nuée lan luot nhu
bang 2.4 dudi day.

Bang 2.4 Ti 1€ nguyén liéu véi nudce trong cac khao sat (mL/g)

STT 1 2 3
Tile . . :
(mL/g) 2:1 31 4:1

2.2.4.3 Khdo sat sy anh huéng thoi gian chiét tach
Yéu t6 tiép theo anh huong dén qua trinh chiét tach tinh dau 1a thoi gian chiét tach.
Qua trinh khao sét thoi gian chiét tach duoc thuc hién nhu sau: Ta can 100g nguyén liéu
tuoi theo kich thude di duoc khao sat tai thi nghiém trén. Tiép theo ta dung két qua ti 1¢
nguyén lidu véi nude nhu thi nghiém trén da khao sat. Sau d6 dem chiét tach trong thoi
gian theo bang 2.5 tai cong suat va nhiét d6 theo tirng nguyén liéu.

2.2.4.4 Khao sat sy anh hwong cua cong sudt gia nhiét cua bép dun
Nhiét do cua bép dun binh cau ciing 1a yéu té quan trong anh hudng dén hiéu suat
ctia qué trinh chiét tch tinh dau. Céc nhiét &6 duoc khao sat trong nhitng thi nghiém theo
bang 2.6 bén duadi. Quy trinh thyc hién nhu sau: ta can 100g nguyén liéu tuoi sau do st
dung két qua khao sat vé kich thudc nguyén liéu, ti 1é nguyén liéu véi nudc, thoi gian chiét
Xuat tinh dau nhu cac khao sét trén.

Bang 2.5 CAng suat gia nhiét cua bép dun dé chiét tach tinh dau trong cac khao sét (°C)

STT 1 2 3
Cong suat gia nhiét (W) 170 204 238
Muc nhiét ciia phuong phép chung cat thong thuong dugc hiéu nhu lwong nhiét
cua thiét bi gia nhiét (bép ludi) truyén dén binh chung cat v&i cong suat tdi da cua thiét bi
12 340W, tuwong tng & mic 50% nhiét 1a 170W cua bép ludi, 60% la 204W va 70% nhiét
la 238W. C6 thé hiéu cach khac & mic nhiét 50, 60, 70% nay, luong nhiét theo thoi gian
truyén dén thiét bi duoc hiéu nhu 1a lugng nhiét truyén dé nguyén liéu dat dén trang thai
s6i ciia nudc (nudc 1a dung mdi cua qua trinh chung cat), chdng toi tién hanh thir nghiém
téc d6 bay hoi nuéc cua thiét bi, nhan thiy qua trinh bay hoi nudc on dinh theo thoi gian,
& mdi muc nhiét thu duoc tde do bay hoi nudc ¢b dinh ( thir nghiém 3 1an mdi lan céch
nhau 10 pht). Ching t6i thiy dugc méi lién hé giita mirc nhiét cua thiét bi va toc do bay
hoi nuéc, cu thé & mic 50% c6 toc do bay hoi 2.1 mL/phat, mic 60% 14 2.5 mL/phdt va
70% la 3.7 mL/pht, cac thong s nay duoc hiéu nhu 1a mac nhiét ¢ thé dung thong sb
dé hiéu chinh thi nghiém phi hop véi cac thiét bi gia nhiét khac nhau.
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2.3 MO HINH PONG HQC
Bang cach tinh dén mé hinh giai hap dong hoc bac nhat khéng bao gém giai doan

giat, n6 phi hop dé md ta cac qua trinh, duge diéu khién bai su khuéch tan trong hat [30],

[31]. Vi vay, cac gia dinh cho m6 hinh nay nhu sau:

e Chét phan tich dugc phan bd dong déu trong ma tran;
e Nong do cua hop chét tai cac bé mat ma tran bang khdng, ngay khi bat dau
chiét (twong ung véi khong gisi han d6 hoa tan);

e Cac nguyén liéu la dang hudng, ddng nhat vé kich thudc va hinh dang.
Do d6, md hinh cho ma tran hinh cau c6 kich thuéc dong déu 1a phuong trinh.

q —kt
L =1-
. e " (3)

Trong do:

q 1a khéi luong phan tich duoc chiét xuat sau thoi gian t (mL/ g);

(o la tong khdi lugng ban dau cua phan tich trong ma tran (mL/ g);
k 12 hang sé toc do thr tu dau tién mo ta hiéu suat trich xuat (min'd).

2.4 PHUONG PHAP PHAN TICH

Xac dinh thanh phan hoa hoc ciia san pham tinh dau vo quyt bang phuong phap sic
ki khi khdi phd GC-MS.

Sic ky khi ghép khdi pho (GC/MS_Gas Chromatography Mass Spectometry) 1a mot
trong nhitng phuong phap sac Ky hién dai nhat hién nay véi do nhay va do dac hiéu cao va
dugc st dung trong cac nghién ctiu va phan tich két hop. Thiét bi GC/MS duoc ciu tao
thanh 2 phan: phan sac ky khi (GC) dung dé phan tich hdn hop cac chat va tim ra chat can
phan tich, phan khéi phé (MS) mé ta cac hop phan riéng 1é bang cach mé ta sé khéi. Bang
su két hop 2 ki thuat nay c6 thé danh gia, phan tich dinh tinh va dinh luong va c6 céch giai
quyét dbi voi mot sé hda chat. Tinh dau sau khi chung cat & cac diéu kién ti wu dugc phan
tich thanh phan hoé hoc bang may sic ky ghép khbi phd GC-MS tai Vién Khoa hoc Nguyén
licu Ung dung. Thanh phan tinh dau duoc xac dinh nhu sau: Xac dinh thoi gian luu cia céc
chat trén GC gibng thoi gian Iuu ctia nhitng chat da biét truéc ddi chiéu phé khéi luong thu
dugc voi phd gbe trong thu vien NIST, tir d6 dinh danh céc cau tir ¢6 trong tinh dau.

2.5 PIA PIEM THUC HIEN

Pé tai “Nghién ctru mo hinh dong hoc ciia qua trinh chiét suat tinh dau tir vo quyt va

danh gia thanh phan hda hoc.” duoc thuc hién chinh tai Phong Thi Nghiém Vién K5 thuat
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Cong nghé cao — Trudng Pai Hoc Nguyén Tat Thanh (Sb 331 Quéc 16 1, phuong An Pha
Dong, quan 12, TP.HCM).
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CHUONG 3: KET QUA VA BAN LUAN

3.1 CAC THONG SO ANH HUONG PEN QUA TRINH CHUNG CAT TINH
DAU

3.1.1 Anh hwéng cia cdng suat gia nhiét

Trong sb cé4c théng s6 anh hudng dén qué trinh chung cét tinh dau, nhiét d6 duoc
coi 1a mot trong nhitng yéu té anh huong chinh. Cong suét gia nhiét tdi thiéu cho céc thi
nghiém 1a cong suit thip nhat, trong d6 nuéc co thé dat dén diém sbi (tec 12 170W). Mat
khac, cong suat cao nhét cho cac thi nghiém 1a cong suat toi da khong co bat ky anh huang
bat loi nao dén hiéu suat va chat luong tinh dau chiét xuat (tic 1a 238 W). Do d6, sy thay
d6i hiéu suat cua tinh dau vé quyt trong 90 phut chiét xuat duoc quan sat & cac cong suat
khac nhau (170, 204 va 238 W), trong khi ty 1& nudc-nguyén liéu khong d6i & muac 3: 1
mL/g (dugc nghién ctru trude day vé tinh dau vo cay an trai c6 mui [32], [33])

Két qua cho thay o cac cong suat gia nhiét cao hon, téc do chiét xuat nhanh hon so
Vvéi cac cong suat gia nhiét thap hon, mic du tong luong tinh dau vo quyt gan nhu khong
d6i (Hiéu suat thap nhat dat duoc & cong suat tdi da va hiéu suat cao nhat dat dugc & cong
suat téi thiéu va trung binh; Hinh 3.1). Ngoai ra, cong suét gia nhiét téi thiéu caa hiéu suat
tinh dau theo thoi gian lubn thap hon & mac 204W va 238W, do su truyén nhiét giira bé
mat va I8i cua binh chra mau va nudc cham hon so véi cac cong suat khac. Mat khac, su
truyén nhiét chdm hon c6 thé da anh hudng dén qua trinh hinh thanh hoi dan dén viéc chiét
xuat khéng hoan toan va hiéu suat thap hon.

Két qua ciing cung cap bang chizng cho thay hiéu suat chiét trong 170 W, 204 W gan
nhu tuong duong voi 238 W ¢ 70 phat. Tuy nhién, sau 70 phdt, hiéu suat khong ting va c6
xu huéng giam trong qué trinh chiét xuat & 238 W. Tinh dau thu dugc ¢ 238 W sau 70 phut
c6 thé dugc giai thich bang cach phan huy miu do két qua cua qué trinh gia nhiét nhanh va
trong mot thoi gian dai.
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Hinh 3.1 Hiéu suat tinh dau thu dwoc sau qué trinh chung cét & cc cong suat khao sét
khéc nhau (ty &€ nudc va nguyén liéu khong doi la 3:1 mL/g)

3.1.2 Anh hwéng cia ty 1& nwéc va nguyén ligu

Mot thdng sé quan trong khac anh huong dén qué trinh chung ct 16i cudn hoi nuée
14 ty I¢ nude va nguyén liéu, do 1a lugng nude trén mot lugng vo quyt (g). Dua trén cac
nghién ctru trude day vé tinh dau cua vo trai cay [31], ty 1é nude va nguyén liéu tét nhat
thuong 1a 3: 1 mL / g, khoang ty 1€ nudc- nguyén liéu cho céc thi nghiém dugc xac dinh
theo cach bao gom ty Ié da dé cap ¢ trén. Mat khac, ty 1¢ gigi han dudi va trén cua thi
nghiém (2: 1 va 4: 1 mL/ g) d3 duoc chon dé nudc bao phu mau dé bao vé nd khoi bi chay
nhung khong lam tran binh. Do két qua cua nghién ciru hién tai cho thay 204W Ia céng suat
lam néng t6i wu. Do @6, anh huong cua ty 16 nude dén nguyén lidu duoc nghién ctu & cong
suat gia nhiét khong doi 204 W trong 90 phdt.

Két qua cho thay, giéi han ty Ié trén va dudi cua ty 1é (nghia la 2: 1 mL/ g va 4: 1
mL/ g) dan dén hiéu suét tinh dau thap hon so vdi ty 1¢ gitra nuéc va nguy@n liéu (tac 1a 3:
1 mL/ g; Hinh 3.2). Hiéu suat thap hon cua tinh dau trong nuéc va nguyén lidu co ty ¢ thap
hon (2: 1 mL/ g) ¢6 thé dugc giai thich bai thuc té 1a khong c6 du nude dé bao vé vo quyt
khoi bi chdy va qua nong. Pdi véi nudce cao hon (tac 1a 4: 1 mL/ g). Hiéu suét thap hon c6
thé duoc giai thich bai nhiét bi ling phi khi dun néng nudc thay vi dun néng mau. Ngoai
ra, hiéu suat thap hon ciing c6 thé dugc giai thich bang hiéu @ng thuy phan [34].
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Hinh 3.2 Hiéu suét tinh dau thu dugc sau qué trinh chung cat & cac ty 1€ nuge va nguyén
liéu khac nhau (Cdng suat gia nhiét khong thay doi 204W)

Céc phat hién cho thiy luong nudc phai da dé bao phu toan bo mau thuc vat dé bao
vé no khoi sy xudng cap do nhiét do cao. Theo két qua, ty 1& tot nhat caa nudc va nguyén
liéu 1a 3: 1 mL/ g, vi nuéc bao phii hoan toan mau va bao vé mau khéng bi thoai hoa.

3.1.3 Anh huéng cia thoi gian chiét tach

Mot thong sé quan trong khac trong quy trinh chung cét 16i cuén hoi nuée 1 thoi
gian chiét. Thoi gian chiét xuat phai da dai dé chiét xuat tat ca céac loai tinh dau hién co tur
nguyén li¢u. Thoi gian cua qua trinh khai thac khéac nhau tuy thugc vao loai nguyén liéu va
thiét bi chiét suat khac nhau. Dé tim ra thoi gian chiét xuat thich hop dé chiét xuat tinh dau
V6 quyt, hiéu suat caa tinh dau trong thoi gian chiét xuat dugc sang loc va do tir khi bat dau
dén khi két thic qua trinh, khi khong thay su gia ting hiéu suat tinh dau (hinh 3.1, 3.2).
Hiéu suat cua tinh dau vo quyt tang tir khong c6 gi (lic dau), 1én khoang 3 (mL/ g) sau
khoang 70-80 phit. Vi, hiéu suat cua tinh dau khong tang sau 90 phut, qua trinh chiét xuat
dugc coi la dugc thyc hién sau 90 phat. Do d6, nhu d3 duoc chon trong hinh 3.1, hiéu suat
cao nhat cua tinh dau vo quyt dugc chiét xuat sau khoang 80 phut, khi lwong tinh dau dat
dén giai doan 6n dinh.

3.2 MO HINH PONG HQC CUA QUA TRINH CHIET SUAT TINH DAU

Nhu di dé cap trudc do, cho dén nay, chua co nghién ciru nao vé cac md hinh dong
hoc va téi uu hoa viéc chiét xuat tinh dau tir vo quyt bang phuong phap chung cat 16i cubn
hoi nuéc. Do d6, nghién ciru ndy da danh gia viéc chiét xuat dong hoc cua tinh dau tir vo
quyt bang md hinh rira va khuéch tan dong thoi, mo hinh dong hoc bac nhat.
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Hiéu suat cua tinh dau vo quyt trong giai doan chiét xuat duoc quan sat & cac cong
suat khac nhau (vi du 170, 204 va 238 W; hinh 3.1) va ty 18 nudc véi nguyén liéu (nghia 1a
2:1,3:1va4: 1 mL/g; hinh 3.2). Nhu moé ta trong hinh 3.1 va 3.2, hiéu suat tinh dau ting
theo thoi gian. Dang tuyén tinh cia phuong trinh 2 va 3 so véi thoi gian da duoc st dung
dé xac minh cic md hinh dong hoc dugce dé xuit va co ché chiét suat tinh dau (Hinh 3.3-
3.6). Céc tham sé cua cac md hinh dong hoc dugc tinh toan bang phuong phap hoi quy
tuyén tinh (Bang 3.1 va 3.2).

Két qua cho thay so véi mé hinh dong hoc bac 1 (Hinh 3.3 va 3.4), mé hinh khuéch
tan khong c¢é dinh (Hinh 3.5 va 3.6) mo ta tot hon cho qua trinh trich ly vi n6 twong quan
manh véi két qua thi nghiém (R? cao hon Bang 3.1 va 3.2). Do md hinh khuéch tan khong
cb dinh (cho thay phi hop hon véi két qua thi nghiém, hai két luan cé thé dugc dua ra. Pau
tién, dong hoc cua tinh dau dugc chiét xuat tir vo quyt dugc md ta bang mé hinh hai tham
s6 cua khuéch tan trang thai kndng 6n dinh théng qua nguyén liéu. Thir hai, mé hinh dong
hoc dé chiét xuat tinh dau bang phuong phap chung cét 16i cuén hoi nuéc bao gom hai giai
doan rira va khuéch tan.
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Hinh 3.3 M6 hinh dong hoc caa qua trinh chiét xuat tinh dau vo quyt & cac cong suat gia
nhiét khac nhau.
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Hinh 3.4 M6 hinh dong hoc caa qua trinh chiét xuat tinh dau vo quyt o cac ti Ié nudc:
nguyén liéu khac nhau.

Rua (tic 1a qua trinh chung cat dau nhanh) dé cap dén giai doan, trong d6 tinh dau
duoc rira tir ben ngoai va gan bé mat bén ngoai cua nguyén ligu. Giai doan rira duoc dac
trung boi Su gia ting nhanh chong hiéu suat cua tinh dau vao ldc bat dau qua trinh chiét
xuat. Khuéch tan dé cap dén viéc chung cat tinh dau cham. Trong giai doan khuéch tan,
tinh dau duoc khuéch tan tir cac bo phan bén trong caa cac nguyén liéu ra cac bé mit bén
ngoai va sau d6 no duoc theo sau boi qua trinh chung cat. Giai doan khuéch tan dugc dic
trung boi Sy gia ting theo cip s6 nhan cua hiéu suat tinh dau trong qua trinh chung cat [35].
Lac dau, hiéu suat cua tinh dau vo quyt ting nhanh (tc 1a giai doan chung cit tinh dau
nhanh) va sau d6, tdc do chung cét tinh dau cham lai cho dén khi dat dugc hiéu suat tinh
dau gan nhu khong doi (nghia 1a giai doan chung ct tinh dau cham).

Nhu cé thé thay trong bang 3.1 va 3.2, voi su gia ting cong suét chiét (tir 170 dén
204 W) va ty 18 nude va nguyén lieu (tir 2: 1 dén 4: 1 mL / g), ca hai déu chuyén céc hé s6
dong hoc (tirc 12 b va k) cua md hinh khéng ¢ dinh ting. Két qua da cung cip bang ching
rang véi cong suat chiét cao hon va ty 1& cao hon, tinh dau duoc rira va khuéch tan tir tinh
dau vo quyt nhanh hon va d& dang hon. Mirc do chiét xuat tinh dau cao hon ¢ diéu kién d6
cd thé duoc tinh cho su gia ting dd khuéch tan va dong lec cua chét tan (tinh dau) va nudc
(dung moi).
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Bdang 3.1 Gia tri cua théng s6 dong hoc ddi véi cac cong suat khac nhau

Cong
S‘;;tigt'a Mo hinh khuéch tan khong ¢é dinh Mb hinh déng hec bat nhit
(%)
k(min?) b R% RSS*  SES”™ k(min1) R RSS*  SESP”
50 0.040 0.028 0.86663 0.86632 0.00586 0.010 0.7401 0.16821 0.0020
60 0.046 0.0568 0.98358 0.12663 0.00224 0.008 0.8406 0.05942 0.0012
70 0.056  0.0662 0.98511 0.10875 0.00279 0.008 0.6304 0.17021 0.0020
Bdng 3.2 Gia tri caa thong sé dong hoc dbi vai ty 16 caa nuéc: nguyén liéu khac nhau
(rl_:_llgg) M6 hinh khuéch tan khong cé dinh M® hinh déng hoc bat nhat
k(min?) b R RSS?* SES®  k(min™?) R%" RSS?" SESP”

2:1 0.038 0.081 0.97606 0.12939 0.00227 0.014 0.75066 0.37260 0.00298
31 0.038 0.001 093912 0.3299 0.00362 0.011 0.84600 0.11373 0.09260
4:1 0.05 0.064 095846 0.25411 0.00426 0.010 0.73401 0.18982 0.00213

Do céc hé sé chung cat cham va nhanh (k va b) bj anh huéng béi ca ty 16 céng suat
va ti 1&, nén né cho thay mé hinh khong c6 dinh giai thich qua trinh trich ly. Ngoai ra, co
ché chung ct tinh dau tir v quyt c6 thé duogc coi 1a bao gom hai phan: thir nhat, chung cat
nhanh cac thanh phan tinh dau dé bay hoi trén hoic gan vé bé mat va thir hai, chung cat
cham hoic khuéch tan qua vo sau d6 chung cit tinh dau tir bé mat bén ngoai cua ching
[36]. Dua trén co ché ndy, viéc chung cat tinh dau trong qua trinh chung cét 18i cuén hoi
nudc c6 thé dugc mé ta thanh cdng vé mit todn hoc bang cach s dung mé hinh khuéch tan
trang thai khdng 6n dinh qua nguyén liéu thyuc vat. Ty 1é nudc chung cit 16i cubn hoi nuée
dén nguyén liéu cai thién sy khuéch tan cua céac thanh phan tinh dau qua vo nhiéu hon so
V6i chung cét tinh dau nhanh. Nhiét bén ngoai 1a yéu té quyét dinh anh huong dén nguoi
chung cat ban dau, qua trinh gia cong. Ca téc do chung cat ban dau va hiéu suét cua tinh
dau vo quyt déu ting véi téc do chung cat. Toc d6 chung cat tinh dau nhanh tang va hiéu
suat tinh dau giam di phan nao véi cac yéu to ngay cang ting. Do do, ty 1é chung cat 16i
cudn hoi nuéc téi vu va ty 1& nudc va nguyén liéu cho mot don vi chung cat 16i cuén hoi
nuéc duge xac dinh bang phan tich kinh té ki thuat.

3.3 THANH PHAN HOA HQC CUA TINH DAU

Thanh phan héa hoc caa cua tinh dau vo quyt duoc xac dinh bang cach do sic ki khi
phdi pho (GC-MS).

Tong cong c6 15 thanh phan dé bay hoi trong tinh dau vé quyt va ty Ié twong ddi cua
ching trong tinh dau chiét xuat dugc xac dinh nhu duoc liét ké trong bang 3.3. Cac hop
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chat dugc liét ké duoc xac dinh bang cach so sanh phd khéi luong va thoi gian luu cua GC
v6i thu vién phd chuan. Hau hét cac thanh phan duoc tim thiy 1 terpen, dic biét 1a
monoterpen va seequiterpen. Pinh phd bién nhét trong biéu do sic d6 cua tinh dau vo quyt
la s6 lwong ti da 11.862 phut, chiém nong do cao nhat cua limonene (88,637%), tiép theo
1a Germacrene D (4,451%), B-Edudesmol (1,034%). Theo bang 3.3, cac thanh phan chinh
cua tinh dau vo quyt la hydrocarbon monoterpenes, bao gom limonene (88,637%), P-
Myrcene (0,779%), Pinene (0,38%), 1R-a-Pinene (0,222%) chiém 90,088% tong lwong
tinh dau. Ham luong sesquiterpene duoc quan sat 12 5,262% trong téng sb tinh dau, chu
yéu 12 voi Germacrene D (4,451%).

Limonene (hop chét chinh) da duoc bao cdo 1a mot loai thudc trir sau, né doc hai voi
bo chét méo va c6 thé dong vai tro trong viéc chdng lai thuc vat chéng lai sy tan cong cua
con tring. V& tng dung Limonene phé bién nhu 1a mét chat bo sung ché d6 dn udng va nhu
mot thanh phan huong lidu cho cac san pham my pham, nhu mét thanh phan huong liéu
cho cac san pham my pham, va trong san xuit cac polyme va chat két dinh [37], [38]. Mot
hop chat khac, B-Myrcene 1a mot hydrocarbon hiru co ty nhién olefinic. Theo Arno Behr &
Leif Johnen [39] Myrcene 1a mét hoa chét ty nhién trong héa hoc bén vimg. Hon nita,
Mycrene la mét chat trung gian quan trong duoc st dung trong nganh céng nghiép nuéc
hoa. Ngoai ra, a-Pinene 1a mot chat chong viém va dudng nhu 13 mot chat chéng vi tring
[40]. Bén canh d6, thanh phan noi bat trong dau, este terpene (geranyl acetate) c6 thé truyén
dat cac nbt huong twoi, trai cdy va mau xanh 14 ciy. So véi cac nghién ctru trude day veé
dau vo caligonin, Manuel G. Moshonas va Philip E. Shaw [41] da chi ra rang thanh phan
chinh caa tinh dau vo quyt 1a limonene va thanh phan chinh thi hai la-Pinene. L. Cuevas-
Glory et al [42] da xac dinh rang thanh phan chinh caa tinh dau vé quyt duoc chiét xuat véi
hexane 14 limone va céc hop chit chinh thir hai 1a-Myrcene va linalool. Ngoai ra, Cheong
va cong su [43] di xac dinh rang cac thanh phan chinh cua dau vo caligonin dugc phan 1ap
v6i hexane 1a limonene va cac hop chat chinh thir hai 1a -myrcene, -pinene, linalool va a-
pinene.

Thanh phan cua cac hop chat d& bay hoi trong tinh dau c6 thé bi anh huéng bai cac yéu td
moi trudng, thoi gian va qua trinh chiét xuat va tiy thudce vao dic diém dia ly cua khu vyc.
Pay 1a nguyén nhan cua cac thanh phan khac nhau cua tinh dau, nhung dic tinh cua tinh
dau vo quyt van khong thay doi.

Bdng 3.3 Bang thanh phan hoa hoc cua tinh dau vo quyt

Miii R.T Thanh phan Cong thiec  Phan trim (%)
1 7.230 1R-a-Pinene CioHis 0.292
2 9.039 B-Pinene CioHas 0.38
3 9.907 B-Myrcene CioHas 0.779
4 11.862 D-Limonene C1oH1s6 88.637
5 26.481 Delta-Elemene CisH24 0.435
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CHUONG 4: KET LUAN VA KHUYEN NGHI

4.1 KET LUAN

Trong nghién ctru ndy, mé hinh dong hoc cua chiét xuat tinh dau tir vo quyt sir dung
phuong phap chung cét 16i cudn hoi nudc da dugc nghién ciru dé hiéu co ché chiét xuat va
dé xac dinh diéu kién téi vu. Két qua cho thay md hinh khuéch tan khdng cé dinh bao gom
hai giai doan rira va khuéch tan mé ta rd hon viéc chiét xuat tinh dau tir vo quyt. Voi hang
s6 tdc @6 12 0.038 phut? vai hé s6 xac dinh (R?) 0.93912. Ca téc do chung cat 16i cudn hoi
nuéc va ty 1& nude vai nguyén lieu duoc xac dinh 1a cac yéu té anh huong anh huong dén
thoi gian chiét suat va hiéu suat. Hiéu suat cao nhat cua tinh dau vé quyt duoc chiét xuat ¢
cdng suit 204 W, ty Ié 3: 1 mL/g va khoang 80 phat. Ngoai ra, lan dau tién sir dung GC-
MS, 15 thanh phan héa hoc cua tinh dau 16t calnhoin di duoc xac dinh. Trong sé cac thanh
phan nay, limonene 14 thanh phan chiém wu thé cao nhat.

Phuong trinh dong hoc dugc sir dung cho qua trinh chiét tinh dau vé quyt theo mo
hinh khuéch tan khéng c6 dinh nhu sau:

T = (1-0.001). 67038 (7)

Thanh phan hoéa hoc cia chit bay hoi c6 trong tinh dau vo quyt: Limonene
(88,637%), Germacrene D (4,451%), Edudesmol (1,034%) Ia nhitng thanh phan chinh duoc
tim thay.

4.2 KHUYEN NGHI

Pé két qua nghién caru duoc phat trién sau rong cd thé tng dung rong rii, dé tai can
tiép tuc nghién ciu trén quy md cong nghiép. Can két hop véi cac cong ty, nha may san
Xuat &p dung két qua nghién ciru ndy trong qua trinh chiét tach tinh dau vo quyt trén quy
mo lon.

Chii nhiém dé tai

Ngd Thi Cam Quyén
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1. MUC TIEU, NQI DUNG NGHIEN CUU VA PHUONG AN THU'C HIEN DE TAI
6.  Muc tiéu cua dé tai (Bam sét va cu thé hod dinh hudng muc tiéu theo dat hang)

Nghién ctru mé hinh déng hoc ciia qua trinh chiét suat tinh dau tir vo quyt va danh gia
thanh phan hoéa hoc.

Khao sat cac yéu t6 anh huong dén qua trinh chiét xuét

Khao sat va tinh toan cac thong sé dong hoc

Diénh gia va lya chon md hinh dong hoc
Déanh gia higu sudt, thanh phin caa tinh diu
7. Tinh trang dé tai
X Mei
[] Ké tiép hudng nghién ctru ctia chinh nhom téc gia
[[] K& tiép nghién ciru cua nguoi khac
8. Tong quan tinh hinh nghién ciu, ludn giai muc tiéu va ndi dung nghién ciru
8.1. Ngoai nuwéc (Phan tich danh gia dugc nhiing cong trinh nghien ciru ¢6 lién quan vai

nhimg két qua nghién ctru méi nhét trong linh vire nghién ciru cua dé tai; néu duoc nhirng
budc tién vé trinh dd KH&CN cuia nhirng két qua nghién ciru do)

Trong nhitng ndm gan day, nhimg thuc vat ¢6 chira hop chit thom va chiét xudt ciia
ching da duge kiém ching vé hiéu qua cua ching déi véi cac tmg dung bao quan va an
toan thye pham [1]-[3]. Bén canh d6 ching duge mé rong va phat trién trong linh virc strc
khoe. Hau hét cac tinh chit cua ching la do cac loai tinh dau va cac thanh phin chuyén
héa thyuc vit thir cép khac [4]. Cac chat hoa hoc tir thyce vat, nhu tinh déu, 1a chdt chéng vi
trang tu nhién duge tim Ihéy trong nhiéu loai thyc vit, né dugce ching minh la 6 tinh (ng
dung rit hi¢u qua nhu 1a lam gidm sy tang trudng v sy song cua vi sinh vt Ngoai ra,
tinh dau c6 tinh chat khang khuén, c6 thé thay thé phi hop cho khéng sinh [5]. Tinh déu
duge chiét xuét tir nhiéu loai thuc vét khac nhau khong chi c6 riéng trong hoa ma con ca
céc loai thao duge, ciy ¢di va ca mot sb loai nguyén li¢u thuc vat khac. Udc tinh trén thé
gi6i c6 khoang 300 000 loai thye vt va 10% trong s6 do ¢6 thé chiét xuat thanh tinh dau
va duqc sir dung nhu la mdt ngudn nguyén liéu cho viée tao ra sian pham [6]. Nhiing chiét
xuét ctia né duge hinh thanh boi mét sy pha trén cia nhitng hop chét hoéa hoc dé bay hoi
tir don gian dén phire tap va s€ ¢6 ¢6 mui dac trung riéng cua tirng loai nguyén liéu. Trong
cong nghiép, tinh dau thuorng dugc chiét xudt tir 14 cay tuoi hodc lam khé mét phan bang
phmmg phap chung cét thuy phén la cach phé bién nhét. Mic du cong nghc chung cat dé
chiét xuat tinh diu di duge phat trién ddy du tir déu thé ki 13, nhung nhu ciu vé tinh diu



ngdy cang tang trong nhitng 50 nim gan ddy nho cac dic tinh khang khuan va khang oxy
hoa cua no[7, 8]. Canh do, véin dé an toan thyc pham da khién nguoi str dung cé xu huéng
dén céc san pham tir ty nhién trong dé tinh diu quyt dang dugc chi y dén vé ca chit lugng
13n ham luong cua né.

Quyt c6 tén khoa hoc: Citrus microcarpa; giGi (regnum): Plantea; bd (ordo):
Sapindales; ho (familia): Rutaceae; chi (genus): Citrus; loai (species): C.microcarpa

O nudc ta, quyt duge trong phd bién & cic ving thude ddng bing séng Ciru Long.
Diy la loai rat da dang vé gidng do s lai tao giira ching véi céc loai khéc trong chi
Citrus. Su khidc nhau gitra cac giéng khong chi ¢ dac diém hinh thai, kich thudc qua ma
con & ca chit lugng va mau sic thit qua.

Hau hét cac loai quyt déu c6 chia tinh dau trong vo, trong la va hoa. Ham lugng
trong vo tréi thudng rat cao, trong 1a va hoa ciing chira tinh du. Thanh phan chii yéu trong
tinh ddu vo trdi hau hét 1a cic hop chét thuge nhém terpene, alcohol, ester tao nén mui
thom dic trung cua tinh diu. Tinh dau tir vo quyt chira chu yéu la Limonene, B-Mycrene,
B-Pinene [9, 10]. Tinh dau trong la ciing la ngudn nguyén liéu quan trong trong céng ngh¢
ché bién thuc phém. Ham lugng tinh dau trong vo rit cao tir 1.5-2.5%, thanh ph?m héa hoc
chii yéu la Limonene. Trong la chira khoang 0.2-0.3%, tinh dau véi thanh phéan chinh I
Linalool [11]. Ngoai cic hop chét chinh nhom Terpen, cing mét s6 hop chét khac thude
nhom sesquiterpen, trong tinh dau con ¢o mot s6 chét chir oxthen (alcol, aldehyde, ester).

Nhitng thanh phan nay lam cho tinh ddu ¢6 hoat tinh khang khuén, khéng oxy hoa va
dugc img dung rong rdi trong céc linh vic my phim, duge phiam va y té.

Tinh dau tir ho Citrus thuong thu bing phuong phép thity phan [12]-[15]. Uu diém
phuong phap nay don gian, an toan khi van hanh, than thién voi méi trudng va san xuit
tinh dau ciy ho Citrus chét lugng cao, phuong phép nay thuong duge sir dung nhit & ca
phong thi nghi¢m va quy mé cong nghiép. Trong thap ky qua, chung cit 16i cudn hoi nude
cd dién da dugc cdi thién bing cach chiéu xa vi song lam néng hé thong nude chung cua
nguyén li¢u thuc vat. Phuong phdp nay dya trén kha nang cua cac hop chat dé hap thy
ndng lugng vi song khltlcp xtc véi chiéu xa vi séng. Thuy phén hé trg bang vi song da
dugc st dung rong rai dé cé lap tinh dau tir cac nguyén li¢u thyc vat khac nhau [16]-{22].
Dong hoc qua trinh va tim quan trong cuia n6é khong chi déi véi su hiéu biét co ban ma
con cho thdy kha ning ti uu hoa, didu khién va thiét ké cac qua trinh thuy phéan cong
nglm,p Céc mo hinh dong hoc cung voi hidu sudt va thanh phén tinh déu rit quan trong
donvolcacquatnnhthuyphantugocdocongnghevacaknﬂlm

Dong lyc hoc cia phuong phap HD da duge nghién ciu rong rii va tai lidu vé dé tai
nay gan day di dugc xem xét, nam 2008 S. 7. Milojevi va cong sur [27] nghién ctu dong
hoccﬁaquélﬁnhchungcétﬁnhdéucéybédlxﬁbﬁngphuongphép}H)bénglnélﬁnhhai
tham s6 khuéch tan trang thai khong 6n dinh qua thuc vit, Mo hinh duge dé xudt theo

phuong trinh 1.
In (""" ) In(l — b) — ke
Go

(1)




Céc tdc gia bdo cdo ring toc dd thuy phan va ti 1¢ qua mong-nude anh huomg dén toc
do chung cét, thoi gian, nang suét cia cay bach xu. Ca toe do chung cat nhanh va hiéu suét
cua tinh déu déu ting theo toc d¢ thiy phan. Toc dd chung cét tinh diu nhanh ting va hi¢u
suat tinh dau giam di mot phan véi ty 1¢ qua mong-nudce ting. Phuong trinh ndy ciing
dugce bao cdo trong nghién ciru cua L.T. Stanisaljevic va cong su nam 2010 [28] trong qua
trinh chiét xudt tinh dau l& Cherry Laurel va nghién ciru cua J. Pornpunyapat va cong su
nam 2011 [29] vé tinh dau trdim huong, dong hoc qué trinh chiét xuat dua vio co ché qua
trinh thuy phén 2 giai doan: giai doan rira va giai doan khuéch tan.

Nim 2012 H. H. Muhammad va cong sur [30] béo cdo viée tdi vu héa va mé hinh hoa
qua trinh chung cét tinh dau sa véi phwong phép thuy phan nong ohmic, mét phwong phap
cai tién cho viéc khai thac tinh diu tir thuc vat duge gia dinh va xdc minh trén co ché bac
hai theo phuong trinh 2:

C,=t/[(1/h) + (/Cy)}]
(2)

Két qua thé hién dong hoc va co ché qua trinh chung cét thily phan nong ohmic cia
diu sa dugc chimg theo mo hinh bic hai. Téc do chiét xudt ban diu (h) 14 0.125 g.L"".min’
|, cong sudt khai thac (Cs) 1a 5.787 g.L-, hing so trich xuat bac hai (k) 1a 0.004 L.g"'.min"’
va hé s6 xac dinh (R?) 12 0.976.

Nim 2014 M. A. Desai va cong su [31] thuc hién viéc mo hinh hoa ciing nhu nghién
ctru ti wru héa dé khai théc dau thiét yéu tir la sa bing HD. Cac md hinh dya trén phan
viing nhiét dong hoc va giai hip dong hoc. Tac gia sir dung mo hinh dong hoc giai hap |
giai doan (phuong trinh 3) va dong hoc gidi hap 2 giai doan (phuong trinh 4)

St _1-eh

o (3)
St 1o Rt — [(1 - Fe*2Y)
Sa

(4)

Két qua chi ra ring mo hinh giai hap hai giai doan ding dé mé ta trang thai khai thic,
hing s6 toc d¢ trong pham vi 0.1724-0.2623 min' trong trudng hop phén chiét xuét nhanh
v 0.007-0.0577 min"' cho phén trich xudt cham hon. Sy phu hop dir ligu ciing chi ra ring
viéc trich xudt duge kiém soat bang khuéch tan ndi bao.

Nam 2016 M. Samadi va c¢ong sy [32] nghién ciru md hinh héa hoc hoc cua qué trinh
chung cit HD cua tinh ddu trim huong biang cach danh gia mé hinh dong hoc bac nhét
(phuong trinh 5) va mo hinh rira va khuéch tan dong thoi (phuong trinh 6). Két qua chi ra
ring mé hinh rira déng thi va khuéch tan mé ta tot hon co ché thuy phan cua tinh dau tir
ld cdy tram hon. Canh d6 thoi gian t6i wu, ti 1¢ rin long va cong sudt gian hiét dé chiét
xuit tinh diu cao nhat duge tim thiy trong khoang 3 gid, 1:10 (gr/ml) va 300 W, Tinh déu
mau vang, mui manh va hi¢u sudt 0.05 v/w.
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Mot mé hinh dong hoc cai tién tir tién dé nghién clru 2008 cia tac gia. Nam 2013 S.
Z. Milojevi va cong su [33] dé cdp dén mé hinh dong hoc cta chiét xudt tinh du tr
nguyén li¢u thyuc vat bing phuong phip chung cét nude va hoi nude.

Trong s6 cic mo hinh dong hoc, mé hinh duge dp dung nhiéu nhat 14 mé hinh lién
quan dén rira ddng thai va khuéch tan. Déi voi k¥ thuat thuy phan nay, mé hinh béc nhit
duoc chimg minh 14 tét nhit. Cho dén nay, md hinh gia dinh rira tirc thoi va khuéch tén la
co s& sir dung dé mo 1a su thay ddi thoi gian cua higu sudt tinh dau. Dé mé ta dong hoc
cua chiét xudt tinh ddu, céc nha nghién ciru chi yéu su dung cc mé hinh dya trén céc quy
ludt vat 1y. Cac md hinh thyc nghiém ciing c6 thé dugc sit dung d¢é mé hinh héa déng hoc
cua chiét xudt tir cac nguyén liéu thuc vit khac nhau. Ching nhu mét quy tic, don gian
hon cic mé hinh dua theo cac quy ludt vét 1y, vai do chinh xdc tuong di cao va co thé
duge su dung trong ky thuat. Cac mé hinh thuc nghi¢ém dya vao sy sdp xép cac gia tri dau
véo thanh céc gié trj ddu ra ma khong mo ta ro rang chinh qué trinh. Trong dé tai nay, su
dung cidc mé hinh toan hoc dua trén dir li¢u thye nghiém trén co s¢ nghién ciru cua M.
Samadi va cong sy [32] ndm 2016, cic mé hinh téi wu duge hinh thanh va cac gia tri sai s6
lién quan dén dir 18u phai t6i thiéu. Phén tich hdi quy 1a mdt trong nhimg k§ thuat dugc st
dung dé thé hién mdi quan hé giira cac bién va dé danh gia tac dong cia mot hodc nhiéu
bién ddi véi bién khac. Piéu nay dat dugc bing cich chon phuong trinh héi quy thich hop.
Trong dé tai nay, mo hinh tuyén tinh dugc trinh bay. N6 m6 ta viée chiét xudt cac loai tinh
dau tir cac loai quyt Viét Nam. D3 phu hgp cia mé hinh dugce so sanh véi cic mo hinh ¢o
lién quan duge st dung phé bién nhit ¢é mé hinh héa dong hoc cua qua trinh chiét xudt
tinh dau bing phuong phap chung cit 16i cudn hoi nude. Ngoai ra, thanh phan hoa hoc cua
tinh dau tir vo quyt thu dugce bing ky thudt chung cat 16i cudn hoi nude duge phan tich.
8.2. Trong nuwéc (Phan tich, danh gid tinh hinh nghién clru trong nwéc thude linh vue
nghién ciru ciia dé tai, dic biét phai néu cy thé duge nhing két qua KH&CN lién quan dén
dé tai ma céc can bo tham gia dé tai da thuc hién. Néu c6 cic dé tai cung ban chat da va
dang dugc thyc hién ¢ cap khac, noi khac thi phai giai trinh rd cdc ndi dung k¥ thudt lién
quan dén dé& tai nay; Néu phat hién c6 dé tai dang tién hanh ma dé tai nay c6 thé phéi hop
nghién ciru duge thi cin ghi rd Tén dé tai, Tén Chu nhi¢m dé tai va co quan chu tri dé tai
do)

O Viét Nam, khi xa hoi cang phat trién va nhu cau sir dung tinh dau vao linh vyc lam
dep va thyc pham cua ngudi tiéu ding ngay cang gia tang, tuy nhién hudng nghién ciu vé
chiét xudt tinh dau cua cac doanh nghiép hay cic nghién ciru cap co so chi dimg lai o
phuong phap chung cit voi dung moi va chung cat v&i nude la cha yéu. Phuong phap
chung cét 16i cudn hoi nude 1a cong nghé xanh, né khong doi hoi nhiéu vé chi phi khai
thac, phéan tach dung moi nhu nhirng phuong phéap khac va c6 kha niang (ng dung qui mo



cong nghiép.

Cho dén nay, theo tim hiéu ciia nhém nghién ctru, tinh hinh nghién c(m trong nudc
vé céc loai quyt kha phd bién, nhung cic tac gia tép trung nghién ctu vé phuong phap
thuy phan thanh phan tinh diu, chua tim thdy nghién ctru vé dong hoc cta qué trinh chiét
xudt. Xuét phat tir nhitng thuc té néu trén, ching téi da dé xudt va thuc hign dé tai:
“Nghién clru mé hinh ddng hoc cua qua trinh chiét sudt tinh dau tir vo quyt va danh gia
thanh phan hoa hoc” s& mé ra nhiéu tiém ning hom trong viée nang cao higu qua chiét tach
tinh dau cting nhur chi phi san xuat kinh doanh tir d6 gitp ha gia thanh san phém, thuc day
phat trién nganh trong cdy ¢6 mui va s& 1 tién dé nghién ciru ddng hoc qua trinh cla nhiéu
loai nguyén li¢u khéc.

8.3. Lu@n gidi vé vi¢e dit ra muyc tiéu va nhirng ndi dung, pham vi/ddi tuwgng cin
nghién ctru ciia dé tai

(Trén co s danh gia tinh hinh nghién ciru trong va ngoai nude, phan tich nhirng cong
trinh nghién ctru ¢o lién quan, nhirg két qua mai nhit trong linh vuc nghién cuu dé 1ai,
danh gia nhung kth biét vé trinh do KH&CN trong nuéc va thé gioi, nhimg van dé da
dugc giai quyét, cén néu rd nhitng van dé con ton tai, chi ra nhimg han ché cu thé, tr do
néu dugc huong glal quyét méi - ludn giai va cu thé hoa muc tiéu dit ra cla dé tai va
nhimg noi dung cén thue hién trong dé tai dé dat dugc muc tiéu)

Trong nhimg ndm gin ddy, thi truémg cho cdc san pham ty nhién va hiru co dd mo
rong dang ké. Sé lugng lon céc san pham ty nhién ngay nay [34-37] dugc su dung cho
muc dich diét khuén, diét nam, my pham va duoc lidu, ¢o chia tinh diu chiét xudt wr cay
thom. Tinh dau cam quyt c6 mui thom dé chiju, ham Iuong Limonene cao (chiém hon 90%
tong lugng tinh dau) duoc sur dung rong rii trong thuc pham, duqc phdm va my pham. Két

qué khoa hoc gan day cho thidy Limonene chéng lai ung thu tuyen tuy va ung thu va [38].
O Viét Nam, dic biét la o ddng bing song Curu Long, cdy quyt 1a mot loai thudc ho Citrus,
ho hang tiéu biéu cua cay hQ déu, dugc trong & kh.’lp moi noi. Pé thu duge tinh dau, cé
nhiéu phuong phap chiét xuét khac nhau nhu chiét chat long siéu t6i han chiét dung méi,
chung cit thuy dién. chiét xudt vi song [39] Phuong phdp chung cit hydro hydro ngay
cang tré nén phd bién dé chiét xudt tinh dau tir thyuce vat vét lidu do don gian trong cai dat
dé thyc hién va hiéu qua thu héi dau tuong dbi cao [40). Trong phuong phap nay, hoi boe
ra khi dun nong tir hén hop nguyen liéu thyc vat va dung méi dugce hoa long trong thiét bi
ngung tu. Phucng phap chung cit thuy dién déng mot vai tro quan trong trong viée thu
nhan cac hop chat quan trong duqc sir dung trong cdc nganh cong nghiép thuc pham
Ngoai ra, phuong phap nay ciing rit quan trong trong viée bao vé thyre vat do tinh tat yéu
cua nod trong san xudt thude chong nam, chéng virut va thude trir sau [41]. Vi \av do tam
quan trong cua quyt va thyc té la khong ¢ nghién ciru nao duge thue hién ca veé phin ticl
tinh diu cia vo calipsein Lung nhu t6i vu hoa hodc md hinh hoa déng luc cua qua lrmh
chiét xuat, nghién clru nay cb géng lp day khoang tréng nay theo hai cach. Péu tién, bang
cach phan tich tinh dau cua vo caligonin, nghién ctru nay co ging xdc dinh céc thanh phan
héa hoe cta n6 dé cung cap nén tang cho céc nghién ciru tlep theo, Thir hai, bana mo hinh
ddng hoc cua vige chiét xuit tinh dau. nghién ciru nay ¢6 ging hiéu rd hon vé co ché cua
qua trinh chung cat thuy dién, va do 46, dé xac dinh diéu kién t6i wu, trong do thu duge



san luong tinh diu cao hon.

9. Tai liéu tham Khio

(Tén cong trinh, tde gia, noi va nam céng bé, chi néu nhitng danh muc da duwgc trich dan
dé lugn giai cho sw can thiét nghién ciru @ tai, ligt ké danh muc cde céng trinh nghién
ctru, tai liéu cé lién quan dén dé tai da trich dan khi ddnh gid téng quan)
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10. Noi dung nghién citu khoa hoc, trién khai thue nghiém va phuwong dn thyc hién

Péi twong nghién ciru
Quyt & viing dong bing song Clru Long.
Miu duge thu mua tir cac che diu mdi st dung dé nghién ciru t6i wu héa diéu kién trich ly
va dong hoc qua trinh.

Noi dung nghién ctru:

Phin A: Téng quan, thuyét minh dé tai

Phin B: Noi dung nghién ciru

Noi dung 1: Khao sat cac yéu té anh huong dén qua trinh chiét xuat tinh dau tir vo
quyt
e Ni dung 1.1: Danh gid anh huong cua kich thude nguyén liéu 1én hi¢u sudt tinh
diu: thay déi 4 mirc kich thude dé 2x2 cm?, 1.5x1.5 cm?, 1x1 cm?, xay nhuyén,
e Nji dung 1.2: Péanh gia anh huong cua ti 1§ nude - nguyén ligu Ién hiéu sudt tinh
dau: thay d6i 4 mirc d6 tir 1:2-1:5 mL/g
e Noi dung 1.3: Dénh gia anh huong cua nhigt do 1én hi¢u sudt tinh dau: thay d6i 3
mire dd: 170W. 204 W, va 238 W (theo cong sudt may gia nhiét, twong tmg 50, 60, 70%
cua 340 W)
o Nii dung 1.4: Dénh gi4 anh huong cua thoi gian 1én hiéu sudt tinh dau: thay doi theo
su khong tang ciia tinh dAu, tinh tir lic gia nhigt dén khi lugng tinh ddu gan nhu khong
tang.

Noi dung 2: Khao sat va tinh toan cic thong s6 dong hoc

Khao sat theo thai gian nh huong 1én higu suit tinh dau:10 phat/1 1an doc thé tich
tinh ddu va sé két thic qua trinh khi lugng tinh dau gén nhu khong tang.
Cic tham s6 cua md hinh: k, b, R? duge xéc dinh bang phuong phap héi quy tuyén tinh
dua vio céc gia tri thuc nghiém dya vao d6 thi tuong quan q va t. Xur 1y dir ligu bing phan
mém OriginPro 9.

Ciéc chi tiéu khao sat:



- Higu sudt tinh diu vo quyt (Y).
- Céc gié tri thong ké duge xac dinh nhu sau:
Ty (qo,rxp'qml)z Tie1 (@ocal=Tomean)
I¥. (Gnexp—tomenn) Ity (ocat~Toimsan) +Zly (TacaiGousy)
Trong do,
Qo, exp (%): 14 lugng tinh ddu thu duge & thyc nghiém

Ri=1-

Qo, cal (%): 14 lugng tinh dau dat dugc tir mé hinh bing céch sir dung phan mém Origin

Qo, mean (%0): 1 gid tri trung binh cuia g«
N: la hé s6 quan tric
N¢i dung 3: Danh gia va lya chon mé hinh dong hoc
Xac dinh mo hinh dong hoc ap dung trén tinh diu dua theo hai co ché:
—  Rira: tinh du thu dugc tir cic bé mit ciia nguyén lidu

~  Khuéch tan: tinh du di tir bén trong nguyén liéu ra bé mit cua nguyén liéu

mai co ché nay 1a co s& md hinh dgng hoc cua qua trinh chiét xuét tinh dau
— M0 hinh rira va khuéch tan dong thoi:

qo—q _ (1 — b).e—kt
qo

- M0 hinh khuéch tan khong rira (dong hoc bat nhit)

:—0 =] 7%
Trong do:
+  q: luong tinh dau vo quyt thu dwoe tai thoi diém t (ml/g)
+  qo:ndng dd trung binh ban dau cua tinh dau trong nguyén liéu (ml/g)
+ e hing s6
+  k: hé s6 khuéch tan cham (phat)
+  b: hé s6 khuéch tan nhanh
Néi dung 4: Danh gia hi¢u suat, thanh phén cua tinh dau cua vo quyt.
Phin C: Bio cio tong két dé tai
11. Cich tiép cin, phuong phap nghién ciru, ky thuit sir dung
(Lugn cir tiép can van d@é nghién ciru, thiét ké nghién ciru, phwong phdp nghién ciiu, ky
thuat sé sir dung gan voi tieng ngi dung chinh ciia dé tai; so sanh voi cde phwong phdp giai
quyét twong tw khde va phan tich dé lam ré dieoc tinh moi, tinh dpe ddo, tinh sang tao cia

aae V¢



dé tai)

Cich tiép cin:

—  Thu thp tai li¢u, khao sat, danh gid céc thong tin vé ciy quyt Viét Nam; téng quan
cic quy trinh cong nghé chiét tach tinh diu trén thé giéi va Viét Nam (qua tai liéu,
internet, hoi nghi khoa hoc va céc tap chi trong nudc va quéc té).

Nghién ctru quy trinh cong nghé chiét tich tinh dAu bing HD bing thi nghiém doc 1ap;
tién hanh nghién ciru va thi nghiém xac dinh cdc diéu kién, ché d6 t6i wu nam xdy dung
quy trinh cong ngh¢ méi phu hgp voi didu kién thyc tién, tao ra tinh diu c6 hiéu suat cao
va chat

—  lugng. Trén co so cic két qua thuc nghiém, nghién ctru dong hoc qua tinh, tim ra mo
hinh déng hoc phit hop nhat @& mé ta dir lidu thuc nghi¢m.

—  Cac két qua cua thi nghiém/nghién ciru trude s la co s& cho viée khao sat va phat
trién céc thi nghiém tiép theo.

Quy trinh chiét xudst tinh diu:

Quy trinh chung cit tinh diu vo quyt duoc thé hién trong hinh 1. Quyt sau khi thu
hoach tién hanh xur 1y so b, loai bo bui ban va tién hanh xtr 1y kich thude cho vao binh
ciu, lugng nudc duge thém vao phi hop véi timg thi nghi¢m. Thiét bi chung cit sau do
duge gia nhiét bing bép ludi véi mic nhiét khao sat. Thoi gian chung cit dugc tinh tir
thori diém giot chit long du tién xudt hi¢gn. Hon hop tinh diu va nudce sau khi di qua thiét
bi ngung tu duge mang di dé thu héi tinh dau. Tinh diu thu duoc voi mot it nude nén duge
lam khan bing muéi Na,SOu, thu dugc tinh dau tinh khiét.

Phuwong phdp nghién civu, ky thugi st dung:

~  Phuong phap ké thira: Thu nhén théng tin, dir liéu, cac két qua nghién ciru da dugc
cong bd, 1am co sor dé diéu chinh, (g dung vao qua trinh nghién cdru thyc nghiém.

—  Phuong phép thyc nghi¢m: Tién hanh trién khai cac thi nghiém thuyc té theo timg ndi
dung, dénh gi4 va diéu chinh lai két qua.

~  Phuong phap phan tich danh gid tinh chit nguyén li¢u:

+  Danh gi cam quan tinh diu theo TCVN 8460:2010

+  Xac dinh thanh phin hod hoc bing phuong phap phén tich bing sdc ky khi phéi kho
(GC-MS)

—  Phuong phap do dac céc chi tiéu: Su dung cac dung cu, thiét bi tién tién, hién dai, co
d6 chinh xdc, phu hop véi timg thong 50.

—  Phuong phap thu thap b ligu va xir 1y thong ké: Tét ca cac sO lidu thu thap dya trén
két qua lap lai it nhét 3 1an cho mdi don vi thi nghiém.
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Hinh 1. So d6 chung ¢t tinh ddu

Tinh méi, tinh djc ddo, tinh sdng tao:

Tinh dau tir vo quyt ¢ nhiéu cong dung cho sire khoe cua con nguoi va duge img dung
véo nhiéu linh vuc khac nhau, nhung hién nay tinh diu vo quyt dugc chiét tach bing cac
phuong phéap théng thuong din dén hiéu sudt khong cao din dén chi phi ban ra thi truémg
cao. Trong nghién ciru ndy, nhém da st dung mé hinh dong hoc vao quy trinh trich ly HD.
Dong hoc qué trinh va tim quan trong cia md hinh khéong chi d6i véi sy hiéu biét co ban
ma con cho thay kha nang t6i uu hoa, diéu khién va thiét ké cac qua trinh thity phan cong
nghig¢p. Cic mé hinh déng hgc cling v&i hi¢u sudt va thanh phén tinh dau rat quan trong
d6i véi cic qué trinh thay phan tir goc d§ cong nghé va ca kinh té.

12. Tién dd thyc hién dé tai

TT N¢i dung, cong viée chii yéu Két qua phai dat Thoi gian
1 | Néi dung 1: Tong quan. thuyét minh | Bao cdo téng quan tai 03/2020
d¢é tai ligu

2 | Nji dung 2: Khao sat cic yéu td anh Céc thong sb anh huong
huong dén qua trinh chiét xudt tinh dau | dén qua trinh chiét xut | 04/2020

tr vo quyt tinh dau tir vo quyt

3 | Noi dung 3: Khao sat va tinh toan cac | Céc thong sé dong hoc 05/2020
thong s dong hoc qua trinh
N@i dung 4: Danh gid va lya chon mé | Chon mé hinh dong hoc 06/2020
hinh dong hoc phu hop

5 | Noi dung 5: Panh gia hi¢u suat, thanh Bao cdo két qua hi¢u 07/2020
sudt va bang thanh phén

e



phan cua tinh dau cua vo quyt. cua tinh dau thu dugc

6 | Npi dung 6: Bio cdo tong két dé tai Hé so hoan thién 08/2020

I11. SAN PHAM KHOA HQC CONG NGHE., HIEU QUA CUA PE TAI
13. San pham khoa hoc cong nghé cia dé tai

TT Tén san pham Pon vido | Chatlugng san pham | S6 lugng/quy md
1 | Bo coso dir liéu vé mo Béo cao | Co s& dy liéu diy du chi 0l
hinh déng hoc ctia qua tiét

trinh chiét suit tinh dau
tir vo quyt va danh gia
thanh phan hoa hoc

2 | Béo cdo tong két dé tai Béo cio | Co s& duyr liéu diy du chi 01
tiét
3 | Bai béo khoa hoc Bai bao | Tap chi thudc danh muc 01
SCOPUS

14. Pham vi va dja chi (dy kién) ing dung céic két qua cua dé tai

D¢ tai ¢6 thé duge chuyén giao cho cic Vién/Trung tam/Doanh nghiép vé dong hoc
qua trinh khi ¢6 nhu ciu.

15 Tiac dong va lgi ich mang lai cia két qua nghién ciu
15.1 Ddi véi linh viee KH&CN ¢4 lién quan

(Néu nhirng dir kién dong gop vao cdc linh viee khoa hoc cong nghé ¢ trong nuée va
quoc té)

Xay dyng dugc quy trinh cong nghé chiét tach, dong hoc qua trinh cua tinh diau quyt
bing Hydrodistillation. La co so thic day phat trién cua nganh nong nghiép trong quyt va
tao ra nhiéu san phim Gng dung dén tinh du quyt va la tién dé dé nghién ciru déng hoc
cua cac cong trinh nghién ciru khoa hoc khac.

15.2 Déi v6i to chire chi tri va cic co s img dung két qua nghién ciu

D¢ tai gitip giang vién cua don vi chi tri va céc thanh vién cua co sor trién khai ung
dung thuc hién két hop vai ly thuyét dé dua san phdm véo thyc té, gitp cho viée giang day
dat hiéu qua cao hon va thuc tién hon. Giup cho sinh vién ¢6 kinh nghiém trong dinh
hudng thi nghi¢m, thye nghiém trong phong thi nghi¢m va co hdi tham gia vao nghién ctru
khoa hoc.




Thanh phé Hé Chi Minh, ngay 01 thang 03.ndm 2020

KHOA/VIEN/PHONG/TRUNG TAM

HIEU TRUONG
TRUONG PH NGUYEN TAT THANH

7 NG e

g/ panes g
e ,.'.:f'lf‘“f,;\#.l ,

B

b '-a'

\‘\s\,,__. I
T P

CHU NHIEM DE TAI
Ge—
o

TRUONG PHONG
KHOA HOC CONG NGHE

slpryf




BO GIAO DUC VA PAO TAO CONG HOA XA HQI CHU NGHIA VIET NAM
TRUONG PH NGUYEN TAT THANH Dic lip - Ty do - Hanh phiic

Tp. Hé Chi Minh, ngay ! thang 3 nim 2020

HQP PONG THU'C HIEN PE TAI NGHIEN CUU KHOA HQC CAP CO SO
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Cin ot Quyét dinh sé 196/QD-NTT ngay 22/6/2015 vé viéc ban hanh Quy dinh quan ly dé
tai nghién ctru khoa hoc va phat trién cong nghé Cép co s& Truong Dai hoc Nguyén Tat Thanh;
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~ Cung thoa thun va thong nhé‘t ky két Hop QGng thuc hién Dé tai khoa hoc va cong nghé
cap co so (sau day goi tat 1a Hop dong) vdi cac diéu khoan sau:

Diéu 1. Pit hang va nhan dit hang thyc hi¢n dé tai.

Bén A dat hang va Ben B nhén dat hang thyc hién dé tai “Nghlen ctru mo hinh dong hoc
ciia qué trinh chiét suit tinh diu tir vé quyt va danh gia thanh phan héa hoc” theo cac noi
dung trong Thuyét minh dé tai da dugc Hoi dong phé duyét (sau day goi tat 1a Thuyet minh).

Thuyét minh 1 bd phan khong tach roi cia Hop dong.

Piéu 2. Thoi gian thyc hién Hop dong

Thoi gian thyc hién dé tai 1a 09 thang, tir thang 03 nam 2019 dén thang 11 ndm 2020

Piéu 3. Kinh phi thyc hi¢n dé tai

I. Téng kinh phi thuc hién dé tai 1a: 35.000.000 (bing chir: Ba muwoi lim tri¢u dong).

2. Tién do cap kinh phi: Kinh phi dugc cap lam 02 dot:

Dot 1: 50% tong kinh phi, sau khi ky két hop dong

Dot 2: 50% tong kinh phi, sau khi bdo cdo tong két cua bén B dugc Hoi ddng nghiém thu dé
tai thong qua.

Trong truong hop bén B khong thuc hién diy du cac cong viéc dé nghiém thu dé tai theo
ding thoi han quy dinh; hodc khong thyuc hién viée quyét toan theo yéu cau clia bén A thi bén A
khong c6 nghia vu thanh toan kinh phi dot 2 cho bén B.

3. Trong truong hop két qua nghi¢ém thu dé tai "Khong dat" thi bén B khéng duoc nhan
khoan kinh phi dot 2; va bén A dugc quyén yéu cau bén B chuyén giao toan bd két qua nhiém
vu.




Diéu 4. Gia han

1. Dé tai duoc phép gia han 1 lan va téi da 1a 6 thang. Bén B gui dé nghi gia han cho Bén A
trude 1 thang so vai thoi gian két thic dé tai.

2. Néu sau khi gia han, dé tai vin khong thé nghiém thu thi Bén A s& thanh lap Hoi dong dé
thanh ly de tai.

Diéu 5. Quyén sé hiru tri tu@ va sé hiru tai san, thiét b

1. Quyén s& hiru tri tué cua san phém,'ta‘li san hinh thanh tir vi¢c thyc hién dfe tai nay s€ tuan
theo quy dinh tai Luat So hiru tri tué so 50/2005/QH11 da dugc sua dé'i bo sung theg luat
36/2009/QH12 va luat so 42/2019/QH14. Chu nhi¢m d€ tai mudn pho bién, st dung két qua
nghién ciru phai c6 su thoa thuan bang van ban gitra hai Bén.

2. Cac téi‘ san, thiét bi‘phuc vu cho viéc thuc hién dé tai, dwoc mua sim b?mg kinh phi do
Bén A cap, deu thudc quyén s¢ hiru cua Bén A. )

3. Khi cong bo bai bdo/bio cdo, Ghi nhén sy tai trg cua Bén A trong cac ket qua nghién ctru
cua Dé tai duge cong bo, dang tai cling nhu trong cac hoat dong khac lién quan dén D¢ tai nhu
sau:

+Dbi vé6i céc tai lidu tiéng Anh: “This research is funded by Nguyen Tat Thanh University,
Ho Chi Minh city, Vietnam’j. B

~ +Doi véi céc tai licu tieng Viét: “Nghién ctru nay duge tai trg boi Truong Dai hoc Nguyen
Tat Thanh, Thanh pho H6 Chi Minh, Viét Nam”.

Diéu 6. Piéu khoin chung

1. Trong qué trinh thyc hi¢n Hop ddng, néu mot trong hai bén c6 yéu cau stra ddi, bd sung
ndi dung hodc c6 can cir dé cham duat thuc hién Hop dong thi phai thong bao cho bén kia it nhat
la 15 ngay lam vigc.

2. Hai bén cam két'thuc hién ding cac quy dinh ciia Hop ddng va c6 trach nhiém hop tac

giai quyet cac vudng mac phat sinh trong qua trinh thuc hién theo quy dinh phap luat.

3. Luat 4p dung: Hop ddng nay dugc diéu chinh va giai thich theo cic quy dinh phap luat

cua nudc Cong hoa Xa hdi chu nghia Viét Nam.

Diéu 7. Hiéu luc cia Hop dong

Hop dong nay co hiéu luc tir ngay ky Hop ddng nay duoc lap thanh 3 ban va cé gia tri nhu

nhau, Bén A giit 2 ban, bén B giir 1 ban././/

Dai dién Bén A Daidién Béen B
HEU-TRUONG H CHU NHIEM PE TAI
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PHU LUC 2:
SAN PHAM CUA DE TAI:

1. Céc thong sb tdi wu ciia qua trinh trich ly tinh dau tir vé quyt

Nguyén liéu

Xt 1y

Cong suét nhiét: 204W
Tilé: 3:1 ml/g

Chiét tach [«

Thot gian: 80 phut

y

Na,SO,

A

Lam khan

1

2. Mb hinh déng hoc ciia qua trinh trich ly tinh dau tir vé quyt

Phuong trinh dong hoc duoc sir dung cho qua trinh chiét tinh dau vo quyt theo mé hinh
khuéch tan khdng c6 dinh nhu sau:

do—q — (1 -0 001) e—0.038*t
. . .

Trong do6:

q 1a khéi lwong phan tich duoc chiét xuat sau thoi gian t (mL/ g);

(o 1a tong khdi lugng ban dau cua phan tich trong ma tran (mL/ g);
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Abstract

The present work deals with the modeling of the kinetics of essential oils from plant materials by
hydro-distillation. The experimental data were obtained by studying the distillation kinetics of the
essential oil from calamondin peels. The literature data on the Kinetics of essential oil hydro-
distillation from different plant materials were also included not the modeling. A model based on
simultaneous washing and diffusion of essential oil from plant material were developed to describe
the kinetic of essential oil hydro-distillation, and two models were derived from either
instantaneous washing followed by non-stationary diffusion or diffusion with no washing (i.e, first-
order kinectics). The main goal was to compare these models and suggest the optimum ones for
extraction process. The result indicated that the model of non-stationary diffusion better describes
the hydro-distillation mechanism of the essential oil from calamondin peels. The optimum time,
water-to-material ratio, and the heating power for extracting the highest amount of essential oil
were found to be around 60min, 3:1 mL/g, and 204 W respectively, with a yield of 4.2% was
extracted by hydro-distillation Clevenger apparatus. Further, the chemical composition of volatiles
present in calamondin peels oil was evaluated for the sample extracted in the optimum conditions
by using GC-MS. Limonene (88.637%), Germacrene D (4.451%), B-Edudesmol (1.034%) were
the major constituents found.

Keywords: Citrus microcarpa, essential oil, kinetics modeling, hydro-distillation, GC-MS

1. Introduction

In the recent years, the market for natural and organic products has expanded significantly.
Tremendous numbers of today's natural products [1]-[5] used for anti-parasitical, bactericidal,
fungicidal, cosmetic, and medicinal purposes, contain essential oils extracted from aromatic plants.
Essential oils (EOs, also called volatile) are aromatic oily liquids characterized by a strong odour
and produced by different plant material (flowers, buds, seeds, leaves, twigs, bark, herbs, wood,
fruits and roots [6]-[10]) as secondary metabolites. EOs are liquid, volatile, limpid and rarely
coloured, soluble in organic solvents generally with a lower density than water, are very complex
natural mixtures of lipophilic substances, which can contain about 20-60 [11] different
components. EOs are characterized by two or three major components (limonene, carvacol, citral,..)
at fairly high concentrations (20-90%) compared to others components present in trace amounts.
Generally, those major components determine the properties of the EOs.

Citrus bark such as orange, lemon, mandarin, pomelo, calamondin has long been used to produce
essential oils in many industrialized countries around the world. Citrus essential oil has a pleasant
aroma, high content of Limonene (for over 90% of the total essential oil content) is widely used



sprayed in food, pharmaceuticals and cosmetics [12]. Recent scientific results show that Limonene
against pancreatic cancer and breast cancer [13].

In Vietnam, especially in Mekong Delta, calamondin trees are a species of Citrus species, the
typical family of Rutaceae, is grown everywhere. Calamondin (Citrus microcarpa Lour) is a
member of the Rutaceae family. It is widely cultivated in tropical and subtropical areas including
Philipnes, Japan, China, Vietnam and Malaysia [12], [14]. The fruit is quite small, approxi- mately
25-35mm in diameter and has thin peels. Calamondin is harvested all year round, the bark can be
dry, fresh or frozen in order to extract essential oils, which is a great advantage in research and
mass production of Citrus essential oils.

To obtain essential oils, there are various methods of extraction such as supercritical fluid
extraction, solvent extraction, hydro-distillation, microwave extraction [15]-[19] ...Hydro-
distillation methods are becoming more and more popular to extract essential oils from plant
materials due to its simplicity in installation, ease of implementation, and relatively high oil
recovery efficiency [20]. In this method, vapours emitted by heating from the mixture of plant
materials and solvent were liquefied in a condenser. Hydro-distillation method plays a vital role in
the acquisition of important compounds used in food industries. In addition, the method also crucial
in plant protection owing to its indispensability in manufacturing of antifungals, anti-virals, and
insecticides [21]. So, given the importance of calamondin and the fact that no study has been
conducted neither on analysis of the essential oil of calamondin peels nor on the optimization or
kinetic modeling of the extraction, this study attempts to fill this gap in two ways. First, by
analyzing the essential oil of calamondin peels, this study attempts to identify it’s chemical
compositions in order to provide a foundation for further investigations, Secondly, by kinetic
modeling of the extraction of essential oil, this study tries to get fuller understanding of the
mechanism of hydro-distillation process, and consequently, to identify the optimum condition, in
which higher yield of essential oil is obtained.

EXPERIMENTAL

Sample preparation

Fresh calamondin (Citrus microcarpa) used in this research was obtained from Ben Tre province
(latitude 10°14'54"N and Vietnamese longitude 106°22'34"E) in June of 2019, was washed to
remove all dust dirty. The samples are carefully peeled with the help of a sharp razor blade. Samples
were tested to ensure that no white flesh under the shell was included in the sample because white
meat contained little or no limonene. Samples were stored in a cool room at 4°C for subsequent
experiments

Extraction of Essential oil

Calamondin peels were grinded right before the extraction process. In order to protect the materials
from overheating or charring by direct steam burning, grinded peels were immersed in distilled
water in a round bottom flask on a heater. Calamondin oil of the peels was extracted by hydro-
distillation Clevenger apparatus method. The extraction process was optimized with, heating power
(170W, 204W, 238W) and water to materials ratio (1:2, 1:3, 1:4 mL/g)
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Figure 1. Hydro-distillation Clevenger apparatus system
After extraction process, the obtained calamondin oil was carefully collected, dehydrated with
Na.SO4 and stored in sealed vials at 0° C prior to Gas Chromatography-Mass Spectrometry
analysis. Each experiment was performed in triplicate with the best values reported as the final
results.

Yield of essential oil from calamondin peels was calculated by the following equation:

VX100
r=20

Where Y is the yield of Calamondin oil was obtained (%, v/w), V is the volume of collected
essential oil (mL), and W is the weight of the plant material used (g)

Analytical procedures

A Gas Chromatography-Mass Spectrometry (GC-MS) is used to analyze the composition of the
essential oils of all samples. 25 pL sample of essential oil in 1.0 mL n-hexane. Name of the
equipment: GC Agilent 6890N, MS 5973 inert with HP5-MS column, head column pressure 9.3psi.
GC-MS system was performed hold under the following conditions: carrier gas He; flow rate 1.0
mL/min; split 1:100; injection volume 1.0 uL; injection temperature 250°C; oven temperature
progress included an initial hold at 50°C for 2 minutes, then increased by 2°C/min to 80°C, and
increased by 5°C/min to 150°C, continue rising to 200°C at 100C/min and rise to 300°C at 20°C/min
for 5 minutes.

Kinetic model

Modeling the extraction process is used to assess the changing conditions affecting the extraction
process. It is also considered as a fundamental step for devising an efficient process. In this study,
two of the most widely used models for hydro-distillation from plant materials (i.e. non-stationary
model and first-order kinetic model) were compared to one another in order to find the best kinetic
model to describe the process of extracting Calamondin peels oil.

=




Non-stationary diffusion model

The mass transport of essential oil through plant particles during the hydro-distillation process
occurs as unsteady-state diffusion. Milojevic et al. [22] contended that a batch hydro-distillation
with no chemical reaction can be described by model of non-stationary diffusion model, which is
based on the unsteady-state essential oil diffusion through plant material (Eq. 2). This model
comprises two successive stages: washing and diffusion.

L= (1-b).e™M ()

, Where o is the yield of Calamondin leaves essential oil at time t, go is the initial average
concentration of essential oil in the materials, and e is a constant. In Equation 2, b, characterizes
the fast oil distillation (washing) stage and, k, characterizes the slow oil distillation (diffusion)
stage.

The assumptions for this model are as follows:

(@) The plant particles are isotropic and equal in shape, size, and initial oil content. The shape
and size of plant particles do not change during the hydro-distillation;

(b) The essential oil is considered as a pseudo-component;

(c) A fraction of the essential oil is located at the external surfaces of the broken peels of
calamondin and the rest is uniformly distributed in the plant particles;

(d) The effective diffusion coefficient is constant;

(e) The concentration of essential oil on the external surfaces of the plant particles at any
moment during the hydro-distillation is zero because of its instantaneous “washing” from the
surfaces;

(f) There is no resistance to the mass transport of essential oil from the external surfaces of the
plant particles

Model of pseudo-first order kinetics

By taking into account that first order kinetic desorption model doesn’t encompass the washing
stage, it is appropriate for describing the processes, which are controlled by the intra-particle
diffusion [23], [24]. So, the assumptions for this model were as follows:

a) the analyte is uniformly distributed within the matrix

b) the concentration of compound at the matrix surfaces is zero, as soon as extraction begins
(corresponding to no solubility limitation);

c) The plant particles are isotropic, uniform in size and shape.

Thus, the model for spherical matrix of uniform size is equation.

4 _ 1 _ ,—kt
o 1—e ™3

, Where q is the mass of analyze extracted after time t (mL/g), go is the initial total mass of the
analyze in the matrix (mL/g) and k is the first order rate constant describing the extraction
efficiency (min™).

RESULTS AND DISCUSSION

In this study, essential oil of calamondin peels was extracted by hydro-distillation Clevenger
apparatus, which is a common method for extracting essential oils from plants. Since the extraction
process varies significantly in terms of different water and material ratio, power, and extraction
time, therefor, these parameters were studied to determine the effect of each factor and find the



optimal conditions to obtain the best performance during extraction. In addition, two common
kinetic models were evaluated to find the most suitable model to explain the process of extracting
calamondin peels oil. Furthermore, the chemical composition of the essential oil from calamondin
peels were determined using GC-MS.

Effect of extraction conditions

Power

Among the parameters affecting the hydro-distillation process, power was considered one of the
main influencing factors. The minimum power for the experiments was the lowest power, in which
water could reach the boiling point (i.e. 170W). On the other hand, the highest power for the
experiments was the maximum power that has not have any adverse effects on the extraction oil
yield and quality of the extracted essential oil (i.e. 238 W). Therefore, the yield change of
calamondin peels oil in 90 min of extraction was observed at different powers (170, 204, and
238W), while water-to-material ratio remained constant at 3:1 mL/g (recommended by previous
research on Citrus oil [25] [26])

The result shown that at higher powers the rate of extraction was faster compared to lower powers,
although the total amount calamondin peels oil remained nearly constant (the lowest yield was
achieved at the maximum power and the highest yield was achieved at minimum and medium
power; Figure 2). In addition, the minimum power of the essential oil yield over time is always
lower at 204W and 238W, due to the heat transfer between the surface and the core of the flask
containing the sample and water was slower in comparison to other powers. On the other hand, the
slower heat-transfer might have affected the process of vapor formation (i.e. process essential of
or diffusion of oil from the cells) resulting in incomplete extraction and lower yield.

The result also provided evidence that the yield of extraction in 170 W, 204 W was almost
equivalent to that in 238 W at 70 min. However, after 70 min the yield did not increase and tended
to decrease during the extraction process at 238 W. Essential oil of 238 W after 70 min may be
accounted for by the charging or decomposition of the sample as the result of rapid and fast heating
for a long period of time.
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Figure 2. The amount of extracted calamondin peels oil at different heating powers (constant
ratio water and materials of 3:1 mL/qg)



Water and material ratio

Another important parameter affecting hydro-distillation is water and materials ratio, which is the
amount of water per amount of calamondin peels (g). Based on previous studies on essential oils
of fruit peels [26] the best ratio of water and raw material is usually 3:1 mL/g, the range of water-
to-material ratio for the experiments was determined in a way that it includes the above mentioned
ratio. On the other hand, lower and upper limits of ratio for experiment (2:1 and 4:1 mL/g) were
chosen so that the water covers the sample to protect it from burning but did not overflow the flask.
Since the results of the present study provided evidence that 204W was the optimal heating power,
so, the effect of water to material ratio was studied at constant heating power of 204 W for 90 min.
The result shown that, as expected, upper and lower range limits of ratio (i.e. 2:1 mL/g and 4:1
mL/g) resulted in lower yield of essential oil in comparison to the middle water and material ratio
(i.e. 3:1 mL/g; Figure 3). The lower yield of essential oil in lower ratio water and material (2:1
mL/g) may be explained by the fact that there was not enough water to protect the calamondin
peels from charring and overheating. For higher water (i.e. 4:1 mL/g) the lower yield may be
accounted for by the fact that the heat was wasted on heating water rather than the sample itself.
Additionally, the lower essential yield may also be explained by the hydrolytic effect [27].
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Figure 3. The amount of extraction calamondin peels oil different water to material ratio (constant
heating power of 204 W)

Findings suggest that the amount of water should be sufficient for covering the entire plant sample
in order to protect it from degradation caused by high temperature. According to the result, the best
ratio of water and material was 3:1 mL/g, because water covers the sample completely and bonds
with compounds of the sample while protecting if from degradation.

Extraction time

Another important parameter in the hydro-distillation process is extraction time. Clearly, the
extraction time must be long enough to extract all the existing essential oil from the raw material
plant. The timing of the extraction process varies depending on the type of plants and extraction
equipment. In order to find the appropriate extraction time for extracting of calamondin peels oil,
the yield of essential oil during the extraction time was screened and measured from the start to the
end of extraction, when no increase in amount of essential oil was observed (figure 2, 3). The yield



of calamondin oil increased from nothing (at the beginning), to around 3 (v/w) after about 70-80
min. Since, the yield of essential oil did not increase after the 90 min, extraction process was
considered to be carried out after 90 min. Therefore, as it was selected in figure 2, the highest yield
of calamondin peels oil was extracted after about 80 min, when the amount of essential oil reaches
the steady stage.

Kinetic model

As mentioned earlier, until now, there have been no research on the kinetic models and
optimization of the extraction of essential oil from calamondin peels by hydro-distillation.
Therefore, this study tried to assess the kinetic extraction of essential oil from calamondin peels
using the model of simultaneous washing and diffusion, and first order kinetic model.

The yield of calamondin oil during the extraction period was observed at different powers (i.e.
170, 204 and 238 W; figure 2) and ratio of water to material (i.e. 2:1, 3:1, and 4:1 mL/g; figure 3).
As depicted in figure 2 and 3, the yield of essential oil increased with time. The linearized form of
equation 2 and 3 versus time was used in order to verify the proposed kinetic models and the
essential oil isolation mechanism (Figure 4-7). The parameters of the kinetic models were
calculated using the linear regression method (Table 1 and 2).

The result shown that compared to first-order kinetic model (Figure 4 and 5), the model of
simultaneous washing and diffusion or non-stationary diffusion model (Figure 6 and 7) better
described the extraction process as it was strongly correlated with the experiment results (the higher
R? Tables 1 and 2). Since the model of simultaneous washing and diffusion showed better fit with
the result of the experiment, two conclusions can be made. First, the kinetics for the extracted oil
from calamondin peels was described using a two-parameter model of unsteady-state diffusion
through the plant particles. Second, the kinetic model for extracting the essential oil by hydro-
distillation consisted of two stages of washing and diffusion (i.e. dominant stage).
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Figure 4. One site kinetic model of extraction calamondin peels oil by hydro-distillation at
various heating power
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Figure 5. One site kinetic model of extraction calamondin peels oil by hydro-distillation at
various water to material ratio

Washing (i.e. fast-oil distillation process) refers to the stage, in which the essential oil is washed
from the outside and near the outside surface of the plant. The washing stage is characterized by a
rapid increase in the yield of essential oil at the very beginning of the extraction process. Diffusion
refers to slow oil distillation. In the diffusion stage, essential oil is diffused from the interior parts
of the plant particles towards external surfaces and then it is followed by its distillation. The
diffusion stage is characterized by a slow exponential increase in the yield of essential oil during
distillation [22]. As it can be observed from figure 2 and 3, at the beginning, the yield of calamondin
peels oil increased rapidly (i.e. fast oil distillation stage) and then, the rate of oil distillation slowed
down until a nearly constant oil yield was reached (i.e. slow oil distillation stage).

As it can be seen in table 1 and 2, with the increase of extraction power (from 170 to 204 W) and
ratio of water and material (from 2:1 to 4:1 mL/g), both mass transfers kinetic coefficients (i.e. b
and k) of non-stationary model increased. The result provided evidence that at higher extraction
power and higher ratio, the essential oil was washed and diffused from the calamondin peels oil
faster and easier. The higher level of essential oil extraction at that condition may be accounted for
the increase of diffusivities and driving forces of solute (essential oil) and water (solvent).
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Figure 6. Simultaneous washing and diffusion kinetic model of extraction calamondin peels oil
by hydro-distillation at various heating powers
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Figure 7. Simultaneous washing and diffusion kinetic model of extraction calamondin peels oil
by hydro-distillation at various water to material ratio
Table 1. Values of kinetic parameter for different power

P(o;z;ar Non-stationary diffusion model First-order model
k(rf;'”' b R”  RSS™  SES” k(T;"n' R”  RSS™  SES”
50 0.040 0.028 0.86663 0.86632 0.00586 0.010 0.7401 0.16821  0.0020
60 0.046 0.0568 0.98358 0.12663 0.00224 0.008 0.8406 0.05942  0.0012



70 0.056 0.0662 0.98511 0.10875 0.00279 0.008 0.6304 0.17021 0.0020
Table 2. Values of the kinetic parameter for different ratio of water and material
Ratio
(mL/g)
k(rl';'” B R”  RSS™  SES” k(rf)"”
2:1 0.038 -0.081 0.97606 0.12939 0.00227 0.014 0.75066 0.37260 0.00298
3:1 0.038 0 0.93912 0.3299 0.00362 0.011 0.84600 0.11373 0.09260
4:1 0.05 -0.064 0.95846 0.25411 0.00426 0.010 0.73401 0.18982 0.00213
Since the slow and fast distillation coefficients (k and b) were affected by both power and water to
material ratio, it suggests that the non-stationary model explains the extraction process. Besides,
the mechanism of distillation of essential oils from calamondin peels can be considered to consist
of two parts: first, the fast distillation of the volatile oil components on or near the peels Surface
and second, the slow distillation or diffusion through the peels followed by essential oil distillation
from their external surfaces. Based on this mechanism, distillation of essential oils during hydro-
distillation can be described mathematically successfully using the model of unsteady-state
diffusion through the plant material. The hydro-distillation water to material ratio improves the
diffusion of essential oil constituents through the peels more than the fast oil distillation. External
heat were decisive factors affecting the initial distillation rater, process duaration. Both the initial
distillation rate and the yield of calamondin peel oil increase exponentially with increasing hydro-
distillation rate. The fast essential oil distillation rate increases and the oil yield decreases
somewhat with increasing factors. Thus, the optimum hydro-distillation rate and water to material
ratio for a certain hydro-distillation unit should be determined by a techno-economic analysis.
The result of GC-MS
Calamondin peel oil is extracted under optimum condition (power of 204 W, ratio of 3:1 mL/g and
time of 80 min with 4.2% yield (v/w) and the chemical composition were characterized by GC-
MS.
A total of 15 volatile components in calamondin peels oil and their relative proportions in extracted
oil were determined as listed in Table 3. The compounds listed were identified by comparison of
mass spectra and GC retention time with standard spectrum library. Most of the ingredients are
found to be terpen, especially monoterpen and seequiterpen. The most common peak in the
chrmatogram of the calamondin peels oil is the maximum number of 11.862 min (Figure 8), which
accounts for the highest concentration of limonene (88.637%), followed by Germacrene D
(4.451%), B-Edudesmol (1.034%). As revealed by Table 3, the principal components of the
calamondin peel oil were monoterpenes hydrocarbons, including limonene (88.637%), B-Myrcene
(0.779%), B-Pinene (0.38%), 1R-a-Pinene (0.292%) which represented 90.088% of the total
essential oil. The sesquiterpene contents were observed to be 5.462% of the total essential oil,
mainly with Germacrene D (4.451%).
Limonene (the main compound) has been reported as an insecticide, it is toxic to cat fleas and may
play a role in resisting plants against insect attacks. About the popular Limonene application as a
dietary supplement and as a flavoring ingredient for cosmetic products, as a flavoring ingredient
for cosmetic products, and in the manufacture of polymers and adhesives [28],[29] .Another
compound, B-Myrcene is an olefinic natural organic hydrocarbon. According to Arno Behr & Leif
Johnen [30] Myrcene is a natural chemical in sustainable chemistry. Moreover, Mycrene is an
important intermediate used in the perfume industry. In addition, a-Pinene is an anti-inflammatory

Non-stationary diffusion model Frits order model
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and appears to be an antimicrobial agent [31]. Besides, the component stand out in oil, terpene
esters (geranyl acetate) could impart to fresh, fruity and green notes. Compared to previous studies
in calamondin peel oil, Manuel G. Moshonas and Philip E. Shaw [14] shown that the major
component of calamondin peel oil is limonene and the second major component is B-Pinene. L.
Cuevas-Glory et al [32] identified that the major component of calamondin peel oil extracted with
hexane is limone and the second major compounds were B-Myrcene and linalool. In addition,
Cheong et al [33] determined that the major constituents of calamondin peel oil isolated with
hexane are limonene and the second major compounds are f-myrcene, B-pinene, linalool, and a-
pinene.

The composition of volatile compounds in essential oils can be affected by environmental factors,
time, and extraction process and depending on the geographical characteristics of the area. This is
the cause of the different components of essential oil, but the characteristic of citrus remains
unchanged.

Table 3. Chemical composition of essential oil from calamondin peels

Peak RT Compound Formula Percent
1 7.230 1R-a-Pinene CioHi6 0.292
2 9.039 B-Pinene CioH16 0.38
3 9.907 B-Myrcene CioH1s 0.779
4 11.862 D-Limonene CioHis 88.637
5 26.481 Delta-Elemene CisHaa 0.435
6 28.06 Geranyl acetate C12H2002 0.347
7 28.217 B-Elemen CisHa4 0.265
8 30.800 Germacrene D CisHaa 4.451
9 30.936 B-Selinene CisHaa 0.352
10 31.218 Bicyclogermacren CisHaz4 0.394
11 32.494 Elemol CisH260 0.834
12 33.926 undetermined 0.122
13 34.136 y-EudesmoI CisH260 0.842
14 34.460 B-Edudesmol CisH260 1.034
15 34512 o-Eudesmol CisH260 0.835
34.46
6000000 -
5000000 4
o 4000000 A
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§ 3000000 4
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Figure 8. GC-MS of the essential oil of calamondin peels by hydro-distillation
CONCLUSION



In this study, the kinetic model of essential oil extraction from the calamondin peels using the
hydro-distillation was investigated understand the extraction mechanism and to identify the
optimum condition, in which the maximum extracted yield and the minimum of water consumption
and extraction time can be achieved. The result showed that non-stationary diffusion model
comprising two stages of washing and diffusion better describes the extraction of essential oil from
calamondin peels. Both the hydro-distillation rate and the ratio of water to material were identified
as influential factors affecting the extraction period and extraction yield. The highest yield of
calamondin oil was extracted at power of 204 W, ratio of 3:1 mL/g, and around 80 min of
extraction. In addition, using GC-MS, 15 chemical components of calamondin peels essential oil
were identified for the first time. Among these components, limonene germacrene D, 3-Edudesmol
were the most concentrated components.
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