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THONG TIN KET QUA NGHIEN CUU

1. Thong tin chung:

- Tén dé tai: Nghién ciru chiét xudt chdt mau thue phﬁm tu nhién crocin tir qua danh
danh.

- M sb: T2024-06-06
- Chu nhiém: TS. Nguyén Hitu Phudc Trang

- Thanh vién tham gia: ThS. Trin Thi Kim Hong, ThS. Tran Thi Ngoc Linh va ThS.
Mai Thi Phuong Chi.

- Co quan chu tri: Pai hoc St pham K thuat Pa Néng
- Thoi gian thye hién: tir 1/2025-12/2025
2. Muc tiéu:

Nghién ciru chiét xuat chét mau tw nhién crocin tir qua danh danh nhim bd sung
thém ngudn chit mau tw nhién cho nganh céng nghiép thuc pham Nghién cfru cia de
tai tap trung vao quy trinh chiét xuét chit mau tur nhién crocin thdng qua viéc nghién
clru cac yeu t6 anh huong dén qua trinh chiét xut. Tir d6, nghién ciru t6i wu héa céc yéu
t6 anh huorng dén qua trinh chiét xudt chit mau tr nhién tir qua danh danh nhim thu
nhan chit mau c6 ning suét cao.

3. Tinh méi va sang tao:

Nghlen ctru qud trinh tién xir ly nguyén lidu theo cdc phwong phéap hién dai sdy
thang hoa va nghlen két hop nito 16ng. Khéo sit cac yeu to anh hudng dén qua trinh thu
nhan chit mau crocin bing phuong phap siéu 4m. Tir d6 t61 wu héa diéu kién chiét xuét
bing phwong phap bé mit dép tmg.

4. Tém tit két qua nghién ciru:

- Nghién ctru qua trinh tién xir Iy nguyén liéu theo cac phuong phép sdy két hop
nghlen nhé nguyén liéu. Trong d6 bao gobm céc ky thuat sy ddi huu, sdy thing hoa,
nghién thé co hoc, nghién két hop nito long.

- Nghlen clru céc yeu t6 anh huéng dén qua trinh thu nhan chét mau crocin bang
phuong phap siéu 4m (ndng d dung moi, ty 16 nguyén lidu va dung moéi, ceong do siéu
am, thoi gian si€u am.

- Téi wu hoa ham lwgng crocin bang phuong phép bé mit dap tng d6i véi cac

yéu té anh huéng. ‘ \
5. Tén sdn pham “‘

San phdm khoa hoc: 1 bai bao khoa hoc dudc dang hodc chdp nhan dang trén tap
chi c6 tén trong danh myuc Wos/Scopus.
Trang Nguyen Huu Phuoc, Hong Tran Thi Klm Linh Tran Thi Ngoc Chi Mai Thi
Phuong (2025). Study on ultrasonic extraction conditions of crocin pigment from
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Gardenia jasminoides Ellis and optimization using response surface methodology. Fog,
Engineering Progress (Food Eng. Prog), 29(3), (June 2025); 155-163.
Link bai bao: https://www.foodengprog.org/archive/view_article?pid=fep-29-3-155
Link minh chiing thudc Scopus, Q4:
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San phim tmg dung: 100ml mau san phim chit mau chiét xudt tir qua danh danh
6. Hiéu qua, phwong thirc chuyén giao két qua nghién ciru va kha ning 4p dung;

Nghlen ciru chiét xuét chat mau ty nhién tir qua danh danh c6 thé dugc g dung
trong giang day va nghién ciru d6i véi cac hoc phin nhu Phu gia thuc phim va Ty
nghiém Phu gia thyc phdm cia nganh Ky thuét thuc pham.

7. Hinh anh, so dd minh hoa chinh

Hinh anh san phém chit mau tu nhién crocin dugc chiét xuét tir qua danh danh sau kh
thuc hién tién xir Iy nguyén liéu v t6i wu héa cic diéu kién chiét xudt bing phwrong phij
siéu am.
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INFORMATION ON RESEARCH RESULTS

1. General information:

Project title: Study on the extraction of the natural food colorant crocin from
Gardenia fruit.

Code number: T2024-06-06
Coordinator: Dr. Nguyen Huu Phuoc Trang

Implementing institution: MSc. Tran Thi Kim Hong, MSc. Tran Thi Ngoc Linh
and MSc. Mai Thi Phuong Chi.

Duration: from 1/2025 to 12/2025
2. Objective(s):

The study focuses on the extraction of the natural colorant crocin from Gardenia
fruit (Gardenia jasminoides) with the aim of supplementing the source of natural
colorants for the food industry. This research concentrates on the crocin extraction
process by investigating the factors affecting the extraction. Subsequently, the study
seeks to optimize these influencing factors in the natural colorant extraction process
from gardenia fruit to obtain a high-yield colorant.

3. Creativeness and innovativeness:

The study investigates the pretreatment process of raw materials using modern
methods: freeze-drying (lyophilization) and cryogenic grinding (grinding combined
with liquid nitrogen). The research also involves surveying the factors affecting the
recovery/yield of the colorant crocin using the ultrasound-assisted extraction (UAE)
method. Subsequently, the study will optimize the extraction conditions using the
Response Surface Methodology (RSM)

4. Research results:

- Study the raw material pretreatment process using drying methods combined with
material comminution. This includes convective drying, freeze-drying, mechanical
coarse grinding, and cryogenic grinding combined with liquid nitrogen.

- Investigate the factors affecting crocin recovery/yield using the ultrasound-assisted
extraction method (including solvent concentration, solid-to-solvent ratio, ultrasonic
intensity, and ultrasonic duration).

- Optimize the crocin yield using the Response surface methodology for the influencing
factors.

5. Products:

One scientific article published or accepted for publication in a journal indexed
in the WoS/Scopus database:

Trang Nguyen Huu Phuoc, Hong Tran Thi Kim, Linh Tran Thi Ngoc, Chi Mai Thi
Phuong (2025). Study on ultrasonic extraction conditions of crocin pigment from

Gardenia jasminoides Ellis and optimization using response surface methodology. Food
Engineering Progress (Food Eng. Prog), 29(3), (June 2025); 155-163.

Link: https://www.foodengprog.org/archive/view_article?pid=fep-29-3-155
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Link Scimago journal, Scopus, Q4:

https://www.scimagojr.com/journalsearch.php?q=21100935101 &tip=sid&clean=0

Applied product: 100 ml sample of the colorant extract from Gardenia fruit
6. Effects, transfer alternatives of research results and applicability:

The research on the extraction of natural colorants from Gardenia fruit can be
applied in teaching and research for courses such as Food Additives and Food Additives
Laboratory within the Food Engineering discipline.
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MO DAU
Tong quan tinh hinh nghién ciru trong va ngoai nwéc
Tinh hinh nghién ctru trong nuéc

Danh danh con c6 tén 1 Chi tir, mau don hay bach hai dudng. O nudc ta, danh danh
thuong duoc dung 1am cdy canh, qua str dung 1am thude. Qua danh danh con c6 tac dung
1am chét mau ty nhién vira dep mét vira tot cho strc khoe.

Qua danh danh cho ra mau vang khong ddc ¢ thé sir dung tao mau cho thuc pham
nhu nhuom x01, lam mut dira, lam banh, thach rau cau, nudc méam ... Hat danh danh
thuong kha cimg, vi vay trude khi mudn st dung can phai ngdm véi nude trong mot
khoang thoi gian sau d6 sir dung 1am mau thuc phim tao mau cac mén an. Mot sb cac
nghién ctru & nudc ta budc dau da thuc hién chiét xuat chat mau bang phuong phap
ngam, danh gia vé d6 bén mau cua chit mau, nghién ctru bot mau (Pham Thanh Quén
2000; Nguyén Thi Thanh Thuy va cs 2016; Nguyén Hiru Phudc Trang va cs 2023).

1. Pham Thanh Quén (2000). Nghién ciru chdt mau tan trong nwéc tir qud danh danh
Gardenia Jasminoides Ellis, Lun an tién sy k¥ thuat, Khoa Céng ngh¢ Hoda hoc. Pai
hoc Bach Khoa thanh phd H6 Chi Minh.

2. Nguyén Thi Thanh Thuy, Nguyén Thi Hién (2016). Chiét tach va khdo sdt dg bén ciia
chdt mau crocin tir qud danh danh, Tap chi Khoa hoc Nong nghiép Viét Nam.

3. Nguyén Hitu Phudc Trang, VS Thi Thao Nhi, Tran Thi Kim Hong, Tran Thi Ngoc
Linh, Pham Thi Nga (2023). Budc dau nghién ctru thu nhén bot mau vang ty nhién chiét
xuét tir qua danh danh (Gradenia Jasminodes Ellis). Tap chi Khoa hoc va Cong nghé
Pai hoc Pa Nang.

1.2 Tinh hinh nghién ctru ngoai nwéc

Crocin 1a mot hop chét hoa hoc carotenoid ty nhién dugc tim théy trong hoa cua
cay nghé va cdy danh danh. Pdy la mdt diester hinh thanh tir cic gentiobiose
disaccharide va axit crocetin dicarboxylic. Crocin ¢6 mau dé dam va ¢ dang tinh thé,
nhiét do nong chay 186°C. Khi hoa tan trong nudc n6 c6 mau vang hodc mau vang cam,
hoa tan tt trong nudc. Crocin c6 thé duoc chiét xuat bang phuong phap co ban nhur
ngam trong dung moi. Ngoai ra, cac nghién ctru chiét xuit chit mau hién nay duogc
nghién ctru rong rdi nhu phuong phap vi song, siéu 4m, hoic sy két hop gitra cac phuong

phap nhiam nang cao kha ning chiét xuit tir nguyén liéu hoa nghé tdy va qua danh. Chat
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mau crocin duge tng dung trong nganh thuc phim va y hoc. Bén canh vai tro chat mau,

n6 con 1a chat chong oxi hoa, bao vé gan bi ton thuong, chong tang lipid trong mau.
Tai liéu tham khao:

1. Yang Bin, Xuan Liu, Yanxiang Gao (2009). Extraction optimization of bioactive
compounds (crocin, geniposide and total phenolic compounds) from Gardenia
(Gardenia jasminoides Ellis) fruits with response surface methodology, Journal of
Ethnopharmacology.

2. F. Hadizadeh, S.A. Mohajeri, M. Seifi (2010). Extraction and Purification of Crocin
from Saffron Stigmas Employing a Simple and Efficient Crystallization Method.
Pakistan Journal of Biological Sciences.

3. Yingpeng Tong, Yu Jiang, Dan Guo, Yongqiu Yan, Shiping Jiang, Yu Lu,
S. Zahra Bathaie, and Ping Wang (2018). Homogenate Extraction of Crocins from
Saffron Optimized by Response Surface Methodology. Journal of Chemistry.

4. S. Karasu, Y. Bayram, K. Ozkan, O. Sagdic, (2019). Extraction optimization crocin
pigments of safon (Crocus sativus) using response surface methodology and
determination stability of crocin microcapsules. Journal of Food Measurement and
Characteziration.

Tinh cép thiét

Qua danh danh (tén khoa hoc Gardenia jasminoides), con goi la qua chi tur, 1a mot
loai qua cua cdy danh danh, thudc ho Ca phé (Rubiaceae). Loai qua nay trong kha phd
bién & khu vuc mién Bic Viét Nam. Hién nay, cdy danh danh cling dugc tr6ng & mién
Trung nhu Quang Nam, Nghé An, Thanh Hoa, Ha Tinh... Ngudi dan trong danh danh
khong chi dé 1dy qua lam dugc liéu ma con dé 1am canh vi hoa danh danh rat dep va
thom. Qua danh danh chira sic t6 mau vang nén duoc nhiéu ngudi sir dung dé ché bién
cac moén an nhu nu x6i, 1am thach rau cau, keo, nudc mam... Ngoai ra, trong qua con
chira mot s6 thanh phan mang hoat tinh sinh hoc nén chiing dugc dung lam thudc trong
cac cua hang duoc li¢u.

Maiu sic 1a mot trong nhiing yéu té dang ngay cang dugc quan tim nhiéu hon
trong linh vyc thue phdm. V6i xu hudng toan cau thay thé chit tao mau téng hop bang
cht tao mau tu nhién - 12 chat mau khong ddc hai, than thién voi moi truong, co ngu@)n
géc tw nhién. Cac chit mau ty nhién thuong dugce thu nhan nhu carotenoid, anthocyanin,

phycoerythrin...Crocin 1a mot trong nhitng chat thuéc nhom carotenoid, 1a phan tao
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mau vang cam trong thuc phdm. Bén canh d06, nhiéu nghién ctru di cho thiy: crocin

khong nhitng tao mau tdt ma con c6 nhiéu tac dung nhu cai thién tri nhd, chéng co giat
- bao vé than kinh, chéng trAm cam, chéng oxy hoa... Dé c6 thé sir dung crocin lam chat
tao mau thuc pham, can phai thuc hién qué trinh chiét xuat, trich ly. Dung méi phd bién
duoc sir dung trong chiét xuét crocin 1a nude, ethanol va axeton. Crocin thuong c6 mat
trong qua cay danh danh va nhuy hoa nghé tay.

Céc nghién ctru chiét xuat chat mau ty nhién da va dang duoc nghién ciru ngay cang
rong rai tir nhiéu ngudn nguyén liéu ty nhién nhim muc dich cung cap dén thi trudng
tiéu thy ngudn chat mau ty nhién, an toan cho nguoi sir dung. Do d6, dé tai “Nghién ctru
chiét xuat chit mau thyc pham ty nhién crocin tir qua danh danh” 13 dé tai mang tinh cp
thiét.

Muc tiéu nghién ctiru
Nghién ctru chiét xuit chit mau tir nhién crocin tir qua danh danh nhim bé sung
thém ngudn chat mau tu nhién cho nganh cong nghiép thuc pham. Nghién ctru cia dé
tai tip trung vao quy trinh chiét xuit chdt mau ty nhién crocin théng qua viéc nghién ctiru
cac yéu t6 anh huong dén qua trinh chiét xuat. Tir d6, nghién ciru t6i wu hoa cac yéu to
anh huong dén qué trinh chiét xuit chat mau tu nhién tir qua danh danh nham thu nhan
chat mau c6 ning suat cao.
Cich tiép cin
Tir cac nghién ctru dd duge cong bd vé cac phuong phap chiét xuit chat mau

crocin khac nhau, d¢ tai hudng dén nghién ctru va dé xuét quy trinh chiét xuat chat mau
crocin tir qua danh danh véi cac thong sd cong nghé toi wu nham thu nhan chit mau cé
ning suét cao.
Poi twong va pham vi nghién ciru

Déi twong nghién ctru: Qua danh danh

Pham vi nghién ctru: Tai cac Phong thi nghiém thudc Khoa Cong nghé Hoa hoc-Moi
truong, Pai hoc Su pham K§ thuat — Pai hoc Pa Nang.
Phwong phap nghién ciru

Phuong phap chiét xuat chit mau crocin: phuong phap chiét siéu am

Phuong phép hoa sinh: xac dinh ham lugng crocin

Phuong phap toan hoc: t6i wu hoa cac diéu kién chiét xuat chit mau sir dung phan

mém Stargraphic Centurion XVI



Noi dung nghién ciru

Noi dung nghién ctru bao gom:

- Tim hiéu va viét tong quan dé tai

- Khao sat cac yéu td anh huong dén qua trinh chiét xuat chat mau.

+ Phuong phap tién xir Iy nguyén liu

+ Cac yéu t6 anh hudng dén qua trinh chiét xuat chit mau: ndng do dung méi, ty 16
nguyén li¢u va dung moi, cuong dg siu am, thoi gian siéu am.

- Nghién ctru t61 wu hoa cac di€u kién chiét xuat chat mau crocin.



CHUONG 1. TONG QUAN LY THUYET
1.1. Tong quan vé nguyén liéu danh danh
1.1.1. Dic diém
Danh danh thuoc ho Ca phé, chi Gardenia. Loai nay ndi bat véi cac dic diém
hinh thai dién hinh caa chi va ho. Tén chi Gardenia dugc nha khoa hoc Ellis dit vao nim
1761, nham vinh danh nha ty nhién hoc ngudi My Alexander Garden. Do d6, tén khoa
hoc day du cta loai nay 13 Gardenia jasminoides Ellis (d6ng nghia Gardenia florida L.)

(Wiart, 2021).

Hinh 1.1. Cay danh danh

(Ngudn: https://vi.wikipedia.org/wiki/D%C3%A0nh_d%C3%A0nh)

Theo cac tai liéu y hoc c¢b truyén Trung Qudc, loai danh danh (Gardenia
jasminoides) con goi 1a Nam huong, Chi tir, Mau don hodc Bach hai duong. Dic biét,
trong y hoc n6 dugc st dung nhu mot vi thudc voi tén goi Chi tir, c6 y nghia dugc giai
thich 1a do qua c6 hinh dang gidng chiéc chén (Chi: chén dung rugu). Cac danh phap
Han-Viét dong nghia khic da dugc ghi nhan trong cac sach nhu Ban Kinh va Ban Thao
Cuong Muc bao gém: Son chi tir, Mdc ban, Viét dao va Tién chi.

Danh danh 13 ciy than gd lau nam véi kich thudc trung binh. Chiéu cao ctia ciy


https://vi.wikipedia.org/wiki/D%C3%A0nh_d%C3%A0nh
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treong thanh ngoai tu nhién thudng dat tir 1 m dén 3 m. Dic trung sinh trudng cua loai
nay 1a tbc d6 rat cham, véi mic ting truong hang nim duge ghi nhan vao khoang 15 cm
(Do et al., 2001).

L& c6 mau xanh luc sAm, bé mat nhin bong va dugc sap xép theo kiéu ddi xung.
Phién 14 ¢6 kich thudc 16n, hinh dang thuén dai-tri xoan hodc bau duc kéo dai, voi dau
la tu hoac c6 miii nhon va géc la hinh xién.

Gardenia jasminoides cb hoa véi kich thudc twong dbi 16n va phat trién don doc
& dau canh (moc don 1é ¢ dinh canh). V& mit hinh thai, hoa dugc phan thanh hai dang
chinh: hoa don va hoa kép. Mau séic dic trung ctia hoa 13 mau tring khi méi ng, thuong

chuyén sang vang nhat khi hoa gia hodc sip tan (Dao et al., 2001).

Hinh 1.2. Hoa danh danh (Ngudn: https://vnras.com/danh-danh-chi-tu-nhung-cay-
thuoc-va-vi-thuoc-viet-nam-do-tat-1o0i/)

Qua danh danh dugc st dung nhiéu, dic biét trong duge liéu (Chi tir). Qua c¢6 hinh

dang thudn bau dyc (hodc hinh tring hep/hinh thoi).
Dic diém ndi bat ciia qua 1a sy hién dién cua 5 dén 9 duong g 16i (canh 16i) chay
doc theo chiéu dai qua, tao nén cAu trac cb gbc canh 10 rét. Pinh qua c6 dai hoa tdn tai

(dai kho con sot lai). Khi chin, qua chuyén sang mau vang cam dén do nau va hoi bong.



Hinh 1.3. Qua danh danh (Ngudn: https://havamall.com/shop/bot-danh-danh-say-

lanh-havafoodies-50g-gardenia-powder/)

V6 quéa tuong ddi mong va gion. Bén trong, qua c6 2 dén 5 ngin (budng) khong
hoan toan va chira nhiéu hat. Thit qua c6 mau vang cam.

Hat c6 hinh dang det va hoi tron, dugc xép khit lai véi nhau. Hat c6 mau vang cam
dén nau do, bén ngoai thuong dugc bao boc bdi mdot chit com mau vang hodc dd, c6 mui
nhe, vi hoi chua va déng.

Thoi diém thu hoach qua thudng dién ra vao khoang thang 8 dén thang 10 khi qua
da chin gia va bat dau chuyén sang mau vang (Do et al., 2001).

1.1.2. Phan b

Loai danh danh (Gardenia jasminoides) duge cong bd ¢6 ngudn gdc bit ngudn tir
Trung Qudc va Nhat Ban ((Wiart, 2021).

V& mit sinh thai, loai cay nay thé hién tinh wa 4m va wa sang, mic du van c6 kha
nang chiu bong nhét dinh. G. jasminoides thuong phat trién manh mé trén dat 4m va c6
xu hudng hinh thanh céc bui 16n ¢ cac vi tri g?m nguén nudc nhu bo ao, bo kénh rach,
hodc b sudi, .... Pic diém sinh hoc quan trong 1a cdy ra hoa va ddu qua manh mé& hang
nam.

Tai Viét Nam, danh danh phan bd phd bién khip cac tinh dong bang va trung du,
tap trung cao nhat tai cac tinh thudc Pong bang song Hong va Bic Trung Bo. Ngudn
cung cap danh danh trong nuéc duge danh gia 1a phong phu, v6i lugng khai thac va tiéu

thy hang nim dao dong tir 30 dén 40 tin. Pang chu ¥, & Hai Duong va Hung Yén, viéc
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trdng danh danh tai bd ao duoc 4p dung nhu mét phuong thire kép, vira co tac dung
chbng sat 1¢ bd dat vira toi wu héa viéc thu hoach qua (D) et al., 2001).
1.1.3. Théanh phén héa hoc

Nhiéu hop chat sinh hoc tir qua danh danh da dugc nghién ctru va xac dinh bao
gdm geniposide, genipin, gardenoside, crocin va iridiod di dugc tim thy trong danh

danh (Xiao et al., 2017).

% Crocin
Crocin 12 mot digentiobiosyl ester ctia crocetin, 13 thanh phan c6 hoat tinh sinh
hoc cuia nghé tay. Ngoai ra, chiing ciing dugc tim thiy trong qua danh danh (Gardenia
Jjasminoides Ellis). Crocin 14 hop chat carotenoid wa nudc, tan tét trong dung méi hitu
co phan cuc, két tinh voi methanol cho tinh thé hinh kim mau d6 sang (Alavizadeh &
Hosseinzadeh, 2014). Crocin la thanh phﬁn tao mau cho thuc phém (Yeon et al., 2001;
Do et al., 2023)

Céc thanh phan chinh cia sic té mau vang tir danh danh chinh 13 thanh phan
crocin. Thanh phan chinh 13 crocetin-digentiobiosyl ester (crocin) chiém 68,3%,
crocetin-monogentiobiosyl-monoglucosyl ester chiém 4,5%, crocetin-
monogentiobiosyl ester (trans) chiém 2,5%, crocetin-monogentiobiosyl ester (cis) chiém
5,3%, crocetin — diglucosyl ester (trans) chiém 15,3%, Crocetin — monoglucosyl ester
(trans) chiém 2,5%, crocetin — monoglucosyl ester (cis) chiém 0,9% (Xi & Qian, 2006).

Cong thure phan tir crocin: CyqHgsOo4
e JLOH

o

:/
' H
O CH CH H
Ho/l\_/D 3 3
Q/
H
H
HO e
H

Hinh 1.4. Cong thuc cau tao crocin (P4 et al., 2023)



Bang 1.1. Thanh phan ctia cic dan xuat crocetin tir qua danh danh (Xi & Qian, 2006).

STT Hop chat Thanh phin (%)
1 | Crocetin — digentiobiosyl ester (trans) Crocin 68,3
2 | Crocetin —monogentiobiosyl-monoglucosyl ester 4,5
3 | Crocetin — monogentiobiosyl ester (trans) 2,5
4 | Crocetin — monogentiobiosyl ester (cis) 53
5 | Crocetin — diglucosyl ester (trans) 15,3
6 | Crocetin — monoglucosyl ester (trans) 2,5
7 | Crocetin — monoglucosyl ester (cis) 0,9

1.1.4. Cong dung

¢ Céc hoat tinh sinh hoc cua danh danh

Hoat tinh chéng oxi hoa

Séc t6 caroten 14 hop chat chdng oxy hoa. Cac dan xuét crocetin va séc td caroten
c6 thanh phan polyene c6 kha ning khang oxy héa cao. Hiéu qua hd tro han ché qua trinh
axit linoleic c6 kha ning oxy hoa ddi v4i B-carotene va bixin cé chira caroten ¢ luong
carbon tuong duong 25 con sd C,s (thanh phan chinh cta sic t6 annato) cung voi kha
ning chdng oxy hoa ciia bay loai dan xuat crocetin dd duoc nghién ctru (Xiao et al.,
2017.

Crocetin v6i hoat tinh chdng oxy hoa tham gia chuyén hoa oxit nitric trong nudc
tiéu. Crocetin ¢ thé lam tang hoat dong tong hop NO ndi mé nén nd dugce cho 1a c6 tac
dung chdng ting cholesterol mau.

Chéng tang lipid mau

Crocin thu duoc tir chiét xuat nudc ctia danh danh da duge tim théy co tac dung ha
huyét ap. Khi crocin va crocetin dugc cho chudt thir nghiém, cholesterol va lipid da dugc
han ché lai va thanh phan nay d dugc giam di, ddng thoi ndng do lipoprotein-cholesterol
mat do cao tang 1én dang ké.

Crocin c6 thé giup chdng ting lipid mau. Gitp ha dudng huyét & chudt vi thanh
phan nay c6 thé trc ché chon loc hoat dong cua lipase tuyén tuy. Tac dung ha dudng

huyét ctia crocin 1én men v6i vi khuan axit lactic c6 thé dugc cai thién (Liu & Qian,
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2005; Xu et al., 20006).

% Cong dung tao mau cho thyc pham
Danh danh chi yéu dugce dung dé tao phdm mau trong cac san pham thuc pham
nhu x61, keo, thach,... tao mau vang cam tuy theo ham lugng va néng do su dung (Lee

et al., 2005; Chen et al., 2009; Nguyen et al., 2023)

Hinh 1.5. Bt mau tir qua danh danh (Ngudn: https:/havamall.com/shop/bot-danh-
danh-say-lanh-havafoodies-50g-gardenia-powder/)
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Hinh 1.6. Cac san pham st dung qua danh danh dé tao mau (Nguon:

https://choquevn.com/ngat-ngay-voi-huong-vi-kho-cuong-cua-thach-rau-cau-bot-danh-

danh-4321)

< Mot s6 cong dung khac

Tinh dau cua danh danh duoc chiét xuét tir hoa danh danh. Nhitng canh hoa danh
danh duoc phun 16n mot loai chat béo khong mui cho dén khi hwong thom trong céanh
hoa dugc hip thu hét. Tiép dén, hdn hop chat béo va tinh dau tir hoa duoc sé& tach ra bang
con, sau khi con bay hoi hoan toan, phan thu duoc chinh 13 tinh chét cta hoa (Yamada
et al., 1996).
1.2. Tong quan vé chat mau
1.2.1. Gidi thi¢u

Chat mau thyc phém da duogc st dung tur 1au nham tao nén gia tri cam quan cho san
pham thyc pham. Viéc str dung hop chit mau trong thuc pham 13 hop chit mau cta ruou
vang, vao nam 400 trudc Cong nguyén. Hop chat mau tong hop dau tién duoc tao thanh

vao ndm 1856 boi Sir William Henry Perkins. Gifta chat mau ty nhién va tong hop thi
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chat mau tong hop thudng duoc sir dung nhiéu hon vi tinh 6n dinh, gia thanh thip va bao

quan thoi gian dai.

Hinh 1.7. Chat mau st dung trong thyc phadm (Ngudn:

https://www.amazon.in/Friendly-Irritant-Pink-Royal-Blue/dp/BOCXNCGW WG ?th=1)

Chat mau tu nhién 1a cac hop chat mau c6 ngudn gdc tir thién nhién chu yéu tir thyuc
vat.

Chat mau ty nhién bao gdm cic mau do, vang va xanh lam tir anthocyanin; mau
xanh 14 cdy 1a chlorophyll va mau vang tir carotenoid. Ngoai ra, dé c6 duoc cac mau
khac nhu nau hodc den thi c6 thé dung cic mau caramen va polyphenol.

Bén canh d0, cac chat mau tu nhién con c6 thé mang gia tri vé mit dinh dudng nhu:
cac vitamin, cac axit hitu co, glycozit, cac nguyén t6 vi luong. Do vay, khi str dung chat
mau tu nhién dé nhuém mau khong chi cai thién dugc gia tri cdm quan ma con lam ting
hoat tinh sinh hoc cho thuc pham. Tuy nhién, so voi chat mau tong hop chat mau ty nhién
thudong kém bén va cé gia thanh cao do viée thu hoi chung tir cic ngudn tu nhién kha tén
kém (D) et al., 2023).

1.2.2. Cic phwong phdp chiét xuit chit mau

% Ngam trong dung méi
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Ngam trong dung mdi 1a phuwong phap cb dién dé dang thyc hién. Vat liéu duoc
ngam 1y trong dung mdi co thé tién hanh két hop dao khudy hoic lic. Pay 1a phuong
phéap don gian dé thuc hién tuy nhién thoi gian ngdm thudng kéo dai va kho 16i kéo cac
thanh phan hoa tan (Nguyen et al., 2020).

Uu diém: K¥ thuat don gian va ré tién

Nhuoc diém: Thoi gian chiét c¢6 thé kéo dai.

% Chiét soxhlet

Quy trinh nay trich ly lién tuc cac hop chét tir nguyén liéu bang cach sir dung dung
mdi ndng chay, dugc lap di 1ap lai trong mot chu trinh dun séi-ngung tu-hoa tan. Phuong
phap nay hiéu qua dé tach cac hop chat nhu tinh dau, lipid, ..., Tuy nhién, k¥ thuét nay
ciing tiéu ton nhiéu thoi gian, tiéu thu ning luong

% Siéu am

Qua trinh trich ly chiét xuat mau duoc thuc hién nhd song siéu am trong thoi gian
ngan.

Uu diém: Nang suét chiét cao, d& thuc hién

Nhugc diém: Quy trinh siéu am thuc hién thoi gian ngan, tuy nhién néu kéo dai
mot s& hop chét hitu co ¢ thé bi bién tinh.

% Visong

Qua trinh chiét dugc hd tro vi song gitip ddy nhanh qua trinh hoa tan dich chiét.

Uu diém: Thoi gian chiét ngan

Nhuoc diém: Thiét bi dat tién
1.3.  Chiét xuét siéu 4m

Song siéu am (ultrasound) 1a mot loai song co hoc duge hinh thanh tir sy lan
truyén dao dong ctia cac phan tir trong moi truong, véi tan sé vuot qua ngudng nghe cia
tai nguoi (16 — 20KHz). Dac tinh vat 1y cia song siéu am 1a song doc, hay con goi la
song nén.

S6ng siéu am dao dong voi dai tan s tir 20 KHz — 25 MHz, dang duoc khai thac
trong nhiéu linh vic. Linh vuc duoc ing dung nay thudng duoc phan loai thanh hai linh
vuc chinh dya trén tan sb va ning luong st dung. Song siéu am vé ban chat khac voi
song di¢n tr (Soltani- Firouz et al., 2022).

Nguyén tic hoat dong cua siéu 4m trong tng chiét tach: khi thuc hién song siéu

am phan nang lugng sé chuyén thanh co nang. Qua trinh nay sé tao ra cac phan bot, sau
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d6 pha v bot khi khi rung dong thoi pha v té bao ctia nguyén lidu tir d6 chiét xuat ra
cac thanh phan (Wang et al., 2021).

Co sé cua phuong phép chiét siéu 4m 14 nguyén vat lidu ciing véi dung méi duoc
dua vao thiét bi, sau d6 duoc ngam chiét dudi tac dong cua song siéu am. Khi tién hanh,
nguyén liéu véi cac té bao s& bi 1am v ra. Piéu nay cho phép cac hé dung moéi tién hanh
tham thau va di vao bén trong né6 mot cach d& dang hon, tir d6 thuc hién qua trinh chiét
xuat (Kumar et al., 2021)

Uu diém:

Thiét bi van hanh don gian

C6 thé chiét xuit duoc nhiéu nhom hoat chit va sir dung dung mo1 chiét da dang

Quy md Mau: lugng mau c6 thé chiét 1én dén hang trim gram.

Tiét kiém nang lugng va bao toan chit luong

Giam duoc nhi¢t do va ap Suét.

Nhueoe diém:

Tai st dung dung moéi

Mot s6 hop chat c6 thé bi bién tinh khi chiét xuat bang siéu am
1.4.  Gi6i thiéu vé qua trinh tién xir Iy nguyén liéu
1.4.1. Lam khé nguyén liéu (Nguyén et al., 2024)

Nang lwgng mat troi

Ning lwong mit troi ty nhién dé lam kho nguyén liéu, khi thuc hién phoi nguyén
liu dudi 4nh sang mat troi mot phan hoi 4m trong nguyén liéu s& bay hoi ra cho dén khi
kho rao.

* Uu diém:
- Tiét kiém chi khi va d& thuc hién.
* Nhwoc diém:
- Kh6 kiém soat diéu kién 1am kho nguyén liéu
- Nguyén liéu sau khi phoi kho van c6 thé con d6 4m 16n c6 thé gdy 4m mébc nguyén lidu.
- M4t nhiéu thoi gian dé dat d6 am theo yéu cau
S4y dbi luu
Céc tac nhan nhiét cao nhu khong khi nong, khoi 10, ... dudi su chuyén dong cua

cac tac nhan say theo vong tuan hoan trong budng say, nguyén li¢u s€ tién hanh trao doi
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nhiét va trao ddi am, bdc hoi nude, khién d6 4m thoat ra ngoai 1am nguyén liéu kho hoan
toan.
* U diém:
+ On dinh nhiét d6 siy véi thoi gian diéu chinh.
+ Thiét bi c6 gia thanh ré, dé van hanh.
* Nhweoe diém:
+ Nguyén liéu say co thé bi co, bién dang, ton that gia trj dinh dudng
+ Kho tach 4m duoc hoan toan.
Say thiing hoa
Day 13 qua trinh tich 4m tir nguyén liéu bang cach dwa vao diém ba pha cta nuéc,
su thang hoa ctia nudc. Qua trinh xay ra qua hai giai doan: lanh déng va siy chan khong
tir d6 co thé tach am va gitr lai cac gi tri quy ctia nguyén liéu.
* Uu diém:
+ Gi4 trj dinh dudng, cau tric cia nguyén lidu it ton that.
+ P06 am sau khi sdy thap <4%, gitip thoi gian bao quan nguyén liéu dugc kéo dai hon
trong diéu kién thong thuong.
+ CAu tric nguyén liéu sau khi siy khong bi thay d6i, gion xop dé nghién thanh bot.
* Nhwoc diém:
+ Thoi gian sdy lau hon, thiét bi say thing hoa doi hoi cong suat cao, dit tién
+ Quy cach van hanh, bao tri phai dung quy cach.
+ Chi phi van hanh, san xuat san pham sy thang hoa cao
1.4.2. Lam nho nguyén liéu (Nguyen et al., 2020)
Nghién
Qua trinh 1am nho nguyén liéu bang phuong phap co hoc nham 1am nho va truc
tiép pha v& cAu tric nguyén vat li¢u béng cac luc co hoc. Bé thuc hién nghién, vat liéu
s€ phai chiu céc tac dung luc din dén bién dang
Tuy vao kich thudc nguyén liéu sau nghién ma co thé phén chia ra nghién thd, nghién
trung binh, nghién min, nghién keo, nghién nho...
Nghién két hop nito 16ng
Pua nguyén lidu vé trang thai dong bang nhanh bang nito 1ong (-196°C), khi d6
nguyén liéu s& bi dong bang rat gion va d& bi pha v cau tric, két hop voi luc tac dung

trong qua trinh nghién s& nghién nhé dugc nguyén liéu.
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Phwong phap enzyme

Str dung cac hé enzyme nhu cellulase, pectinase, amylase nham phan hity phan
v6 cua nguyén liéu, gitp nguyén liéu d& dang tiép xtc v6i hé dung méi, ting dién tich
tiép xtic gitra t& bao nguyén liéu va dung méi.
1.5 Tinh hinh nghién ctru
1.5.1. Thé gidi

Phan pham mau vang cam hoa tan tét trong nudc va cé thé chiét xuat duoc tir danh
danh d6 chinh 14 crocin. Dé t6i wu hoa cac thong sb chiét xuat crocin tir qua danh danh,
cu thé 1a nhiét d6 chiét (45 — 55°C), thoi gian (40 — 60 phat), ty 1¢ qua danh danh (15 —
25%) va ndng d6 ethanol (50 — 60%), tir mau nguyén liéu sdy kho & cac nhiét do khac
nhau (55 — 70°C) bang phuong phép siy ddi luu. Tai cac diéu kién tdi vu dat dugc nhur
nhiét do chiét 55°C, thoi gian 57 phat, phan trim qua trong dung méi & mirc 24% va
ndng do ethanol 1a 56%. Két qua cho thay bot danh danh khé duy tri tét ham lwong crocin
(6,64 mg/g chit kho (CK), san pham c6 hoat do nudc thap va d6 am lan luot 12 0,33 va
5,72% thich hop dé bao quan, duy tri dwoc mau sic va dic tinh ty nhién von c6 cua
nguyén li¢u tho,(Yang et al., 2009).

Ngoai ra, sic to crocin con chira nhiéu trong hoa nghé tiy (Crocus sativus). Nghién
ctru cia nhom tac gia Zhu da xéac dinh cac yéu t6 anh huong dén chiét xuat va danh gia
do 6n dinh lién quan dén nhiét do va do pH cua vi nang crocin. Anh huong cua cac bién
sd quy trinh dén ning suét crocin da dugc xac dinh thanh cong mé hinh béc hai (R2>0,98)
va adj R. Cac thong s6 cia quy trinh, cu thé 13 thoi gian chiét (4,4 phat), nhiét 46 55°C,
mirc bién do siéu am (94%) va ty 18 (L/S) (1000) dugc xéac dinh 1a diém chiét t6i wu. DO
6n dinh nhiét va pH cua crocin dugc xac dinh cac bién nhiét do tai 60°C, 70 °C, 80 °C
va 90°C va cac murc pH (2, 4,5 va 6). Su phan hiy crocin cho thiy dong hoc bac nhét va
hang s6 téc do phan huy (k) co sy thay di dang ké khi thay doi pH va nhiét d6 (p<0,05).
Khi thyc hién & nhiét d6 cao két hop méi trudng c6 pH thip cho thdy ham luong crocin
bi phan hiy (k) cao hon. Nghién ctru nay cho thiy crocin tir nhuy nghé ty nén dugc bao
quan bang cach dong géi sy phun (Zhu et al., 2014).

1.5.2. Trong nwoc

Nghién ctru vé nhan giéng in vitro cay danh danh dugc thyc hién nham xay dung

so dd quy trinh san xuét hiéu qua, dam bao cdy con sinh trudng tot. Nguyén liéu sir dung

chinh 13 hat lay tir qua danh danh banh té. Quy trinh t6i wu bao gdm budc khtr tring quan
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trong: st dung Presept 0,5%, ty 18 hat nay mam dat 90,59%. Khi tién hanh nhan nhanh
chdi, moi trudng MS dugc phdi tron 1,5 mg/L BA, hé sé nhan chéi thu duoc dat gia tri
7,29 chdi/mau. Khi chuyén sang giai doan nudi cdy dé sinh trudng, cac vi chdi dugc
nudi véi moi truong dugc bd sung cac thanh phan nhu: MS két hop 30 g/l duong sucrose
va 150ml nude dira/lit, cho két qua 1a su phat trién nhanh va chét lugng vi chdi tt. Cubi
cung, dé co thé ra ré t6i vu nhom di tién hanh sir dung MS phdi tron thém 0,5 mg/L IBA,
100% ré& dugc ra véi hinh thai ré dat chat luong (L€ et al., 2024).

Ngoai ra, nghién ctru nay con xac dinh qua danh danh 13 mot ngudn nguyén liéu
doi dao crocin, v6i ham lugng dat téi 16,04 mg/g NLT va 14,63 mg/g CK. Ning suat
chiét crocin dat cao nhat khi s dung ethanol: nudc voi ty 1€ t8i wu 14 40:60 hodc 50:50
(v/v). Cac diéu kién chiét cu thé cling dugc xac dinh rd: 20 ml/g dung méi tai 40°C trong
45 phut cho nguyén liéu tuoi, va 25 mL/g dung mdi tai 70°C trong 60 phit cho nguyén
liu kho. Ngoai ra, nghién ctru con danh gia do bén cia crocin, khang dinh né kha bén
v6i nhiét 46 dudi 100°C trong thoi gian dai (140 phut) va 6n dinh trong céc diéu kién pH
khac nhau, tir axit yéu dén trung tinh va kiém

Bén canh do, theo nhom tac gia Lee va cs da nghién curu tai diéu kién ethanol/H,0
50%, voi ty 16 nguyén liéu/dung méi 1a 1/3 tai 25°C trong 72 gid cho viée chiét xuét
crocin. Két qua ctia cudc nghién ciru qua trinh tach geniposide tir dich trich ciia qua danh
danh cho thdy, luong bdo hoa cua crocin va geniposide cung hap phu trén nhwa
Amberlite XAD — 16 14 0,074 mg/g nhya hap phu. Hiéu suét thu hdi crocin 12 93,5 (3,5%
khi sir dung ethanol 50% thé tich dé rira giai crocin (Lee et al., 2014) .

Tac gia Lé Thi Phuong véi nghién ctiru chiét tich chit mau tir qua danh danh va
mg dung trong nhuém vai to tam Quang Nam. Muc dich cua nghién ciru 1a chiét tach
cac hop chit mau ty nhién tir qua danh danh va xac dinh duoc cac yéu td anh hudng dén
viée trich ly chat mau tir qua danh danh.

Tiép theo d6, str dung phan phdm mau di dugc tach tir qua danh danh mang di
nhudm vai to tim & Quang Nam. Phuong phap chung ninh dugc sir dung: 80°C, thoi
gian thuc hién qua trinh nhuém kéo dai 60 phut, chit cam mau duoc st dung trong
nghién ctru 1a Al,(SO4); 5g/L. Céu trac té vi cua vai to tim trude va sau khi nhudém duge
khao sat béng anh SEM va cho théy co su gén mau 1én bé mit khi thuc hién nhudm soi
vai to tam bé“mg phém mau di duoc chiét tach tir hat danh danh. Vai duoc nhudém mau

dat do bén mau cao (L&, 2022).
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T nhitng nghién ctru trén cho thiy gia tri cta cay danh danh dic biét 13 qua danh
danh. Céc nghién ctru nay da chung minh dugc céc gia tri cua crocin, cac diéu kién chiét
xuét nham muc dich ning cao kha ning Gmg dung ctia qua danh danh trong thuc phim,

héa nhuom, y hoc, ...
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CHUONG 2. POI TUQNG VA PHUONG PHAP NGHIEN CUU
2.1. Pdi twong nghién ciru
Qua danh danh tuoi duoc thu hdi tai x3 Thiang Binh, Pa Ning. Lya chon qua phai
chin déu, khong bi sau, khong bi dap nat, théi hong. Tién hanh boc vo, phan loai va sdy

kho nguyén liu.

Hinh 2.1 Hinh anh quéa danh danh sau khi thu hai va boc vo
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Pbi v6i nghién ctru vé cac anh hudng cua viée tién xtr 1y nguyén lidu dén ning suat
thu hoi crocin. Do d6, qua danh danh sau khi duoc boc vo, phan loai duoc tién hanh siy
kho.

+ Mau say ddi luu: danh danh duoc siy bang thiét bi sdy d6i luu cudng bic tai diéu
kién: 70 °C trong 24 gio (Nguyen et al., 2022). Sau khi danh danh d4 kho dén d6 am dudi
5%, tién hanh xur 1y 1am nho thu mau bot kho theo hai cach:

e Nghién tho bang may xay véi toc do 9.500 vong/phut
e Nghién két hop nito long

+ Mau sdy thing hoa: danh danh duoc sy kho bang thiét bi siy thing hoa tai diéu
kién 1am lanh d6ng -45 °C va say thang hoa 45 °C trong 24 gio. Sau khi miu da sdy kho,
xtr Iy mau trong tu mau siy dbi luu (Nguyen et al., 2020).

2.2. Phuong phap nghién ctru
2.2.1. Chiét xudt chét mau crocin

Qua trinh chiét xuét crocin thé duoc thuc hién b?mg thiét bi siéu am VC 750
(Sonics & Materials, Inc., Newtown, CT, Hoa Ky) hoat dong & tan s6 20 kHz + 50 Hz
v6i cong suit dau ra 750 W.

Lay 1 g bot danh danh cho vao binh chiét va bo sung dung méi véi thé tich dung
moi chiét thich hop 1a 100 mL.

Chiét xuat hd trg siéu 4m duoc tién hanh tai bién do 50%, 6 phut (Nguyen et al.,
2022).

Sau d0, dich chiét dugc mang di loc va ly tam & toc d6 6.000 vong/phit trong
khoang thoi gian 15 phut (Samy et al., 2017).

Dich chiét tho (CT) thu duoc s& xac dinh ning suat chit mau crocin.

Quy trinh chiét xuat co ban dugc thyc hién nhu sau:
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Nguyén liéu

Siéu am <«— Dung moi ethanol
Loc —» Ba
Ly tam

Dich chiét tho

Hinh 2.2. Quy trinh chiét xuit crocin bang phuong phép siéu 4m
2.2.2. Xdc dinh ham lwong crocin bang phwong phdp quang phé hip thu
Phuong phap do quang pho hip thu phén tir & budce song 440 nm dugc tién hanh
dé xéac dinh chat mau crocin (Nguyen et al., 2022).

_AMVF
a= elm (1)

Trong do:

a: Luong chit mau crocin (mg/g)

A: Do hép thu quang do dugc tai budc song 440 nm

F: D6 pha loang

M: Khbi lwong phan tir ctia crocin = 977 g/mol

V: Thé tich dich chiét (1)

I: bé day 16p chat mau (cuvet)

e: La hé sb hap thu phan tir ciia chit mau crocin = 89.000 ml/(cm.mol)

m: khéi lugng miu ding dé chiét xuat chat mau (g).



2.2.3. Phwong phap todan hoc
Thiét ké thi nghigm Box- Behnken

Trong nghién ctru nay, bon yéu to anh hudng dén nang suat crocin chiét xuat tur

qua danh danh 1a: ty 1¢ dung moi, ty 1€ nguyén li¢u/ 100ml dung moi, cudong dg si€u am,

thoi gian siéu am.

Str dung mo6 hinh Box—Behnken design theo 2 murc, 4 yéu t5. Bon bién duoc thuc

hién nghién ctru la:
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Ty 1€ nguyén liéu/ 100ml dung moi (A);

Ty 1¢ dung moi (B);

Cuong d6 siéu am (C)

Thoi gian si€u am (D)

Céc hé s6 thuc nghiém va murc do ma hoa nhu sau:

Bang 2.1. Bang ma hoa va khoang bién thién cua cac y€u to nghién ctru

Bién nghién ciru Pon vi Ma héa Gia tri
-1 0 +1
Ty 1é mau/ 100ml g/100ml A 2 3 4
dung moi
Nong d6 dung méi % B 20 40 60
Cuong d6 siéu am % C 50 60 70
Thoi gian siéu am phut D 4 6 8

Thiét ké bao gom 54 thi nghiém trong d6 tién hanh sau diém thi nghiém tai tim (bang

2.2)

Bang 2.2. Bang ma trin m3 hoéa theo thiét ké BBD

STT | A(g/100ml) | B(%) | C(%) | D (phut) | Ham lwgng crocin mg/g CK
1 2 60 60 6
2 2 40 50 6
3 2 40 60 8
4 2 20 60 6
5 2 40 60 4
6 2 40 70 6
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38 3 40 60 6
39 3 20 60 4
40 3 40 50 8
41 3 20 60 8
42 3 20 50 6
43 4 20 60 6
44 4 60 60 6
45 4 40 70 6
46 4 40 60 4
47 4 40 50 6
48 4 40 60 8
49 4 20 60 6
50 4 60 60 6
51 4 40 70 6
52 4 40 60 +
53 4 40 50 6
54 4 40 60 8
Phan tich dir liéu

Céac diém thir nghiém khac nhau theo bang 2.2 da dugc thyuc hién va tién hanh xur
Iy bang cach sir dung phan tich hdi quy boi (mé hinh bac hai). Mot phan tich thdng ké
(STATGRAPHICS) di dugc ap dung dé xir Iy mo hinh phu hop véi di liéu duoc quan
sat. M6 hinh da duoc xtr Iy va dé xuat (Phwong trinh (5)) cho ham luong crocin (Y) la:

Y =bo +Zi=1 bn.Xn +Ei=1 bnn.X2n+22=1 bnm.Xn.Xm (2)

Trong do:
bo 13 giao diém cua Y (hang sd);
bn 13 hé s6 hoi quy tac dong tuyén tinh ciia Xn 1én Y;
bnn va bnm 13 hé s6 hdi quy cta hiéu Gng bac hai trén Y ;

Xn, Xm la cac gia tri doc lap.
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Phan tich phuong sai (ANOVA) dugc ap dung nhu mot phuong phap phan tich
thdng ké cac phan hoi, trong d6 mirc xac suat t&i han (gia tri p) 13 0,05 dugc coi 13 phan
anh y nghia thong ké ciia cac tham so.

Tat ca thi nghiém déu dugc tién hanh ba lan va cac gia trj thu dugc déu duoc thé
hién dudi dang gia trj trung binh va do 1éch chuan.

2.3. Héa chit va dung cu
e Hoa chat

Nito 1ong dugc mua tai Cong ty TNHH Venmer Viét Nam va bao quan bang trong

[y

binh cach nhiét.

|

.E"'.E?EIE-I-IJ

Hinh 2.3. Nito long
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[— -
Ethanol

Hinh 2.4 Ethanol

Béang 2.3. Dung cu thi nghiém

STT

Dung cu thi nghiém

Binh tam giac 50ml

Phéu loc

Cdc thuy tinh 250ml

Ong dong 25ml

Coc su

Ong bop

Gidy loc

Buret

O | 0 | | | K~ W

Co1 — chay xtr

—_
S

Ong ly tam

[
—

Diia thuy tinh
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Thiét bi

Hinh 2.5. Thiét bi siéu 4m

Hinh 2.6. Thiét bi UV — Vis
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Hinh 2.8. Thiét b sdy thing hoa
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Hinh 2.9. Thiét bi ly tim

Hinh 2.10. May loc
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CHUONG 3. KET QUA NGHIEN CUU VA THAO LUAN
3.1. Khao sat anh hwéng ciia qua trinh tién xir Iy nguyén liéu dén qua trinh thu
nhan chit mau

Tién xir Iy nguyén liéu dong vai trd quan trong viéc cai thién dang ké hiéu suat
chiét xuit cac hop chét. Muc dich chinh cua viéc xur 1y sobo la nham tao diéu kién thuan
loi hon cho su tiép xuc giita dung mdi va cac hop chat can chiét xuét.

Hién nay, c6 nhiéu k¥ thuat tién xtr Iy nhu nghién, lanh dong, sdy kho... Céc
phuong phap nay duoc xem 13 nhitng cong cu thich hop hd trg cho cong doan chiét xuat
sau d6 do kha ning thay d6i cdu trac vat Iy cta vat liéu, dan dén viéc ting cuong hiéu
qua thu hdi va duy tri chit lwong ctia cac hop chit duoc chiét xuat (Phalla et al., 2022).
Do d6, nghién ctru nay da thuc hién cac khao sat vé phuong phap tién xtr Iy nguyén liéu
khac nhau nham muc dich gia ting ham lugng tb crocin co gia tri tir qua danh danh.

Cu thé, cac miu qua danh danh dau tién s& thuc hién siy kho bang siy déi luu
(SPL) va sy thang hoa (STH), sau d6 cdc mau s& dugc nghién bang k¥ thuat nghién tho
(NT) truyén théng va k¥ thuat nghién min hd trg bang nito 1ong (NTL).

Hinh 3.1. MAu danh danh truéc khi tién xt Iy nguyén liéu

Céc mau thu dugc sau trude va sau khi xir Iy nguyén li¢u
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STH-NT

STH-NTL

Hinh 3.2. Cac mau sau khi thuc hién tién xur Iy nguyén liéu
SPL-NT: Mau sy ddi luu, nghién tho
STH-NT: MAu siy thing hoa, nghién tho
SPL-NTL: MAu siy ddi luu, nghién nito 1ong
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STH-NTL: May sy thing hoa, nghién nito 16ng
Sau khi cac mau duogc xt 1y, tién hanh 1ay 1 g bot danh danh cho vao binh chiét
va b sung 100 mL nudc. Chiét xuat siéu am duoc tién hanh ¢ cuong do siéu am 50%
trong 6 phut Sau khi trich ly, dich chiét dugc loc chan khong va ly tam. Dich chiét tho

thu dugc dem di xac dinh khoi lugng chat mau crocin, két qué dugc trinh bay nhu sau:

% 80

20

en

g

= 60 *

5

o

5

en
40

g.

£

- I
0

SPDL-NT STH-NT SDL-NTL STH-NTL

Phuong phép tién xir Iy nguyén liéu

Hinh 3.3. Két qua khao sat anh hudng ctia phuong phap tién xir Iy nguyén liéu dén
ham luong crocin. SDL-NT: MAu siy ddi luu, nghién tho; STH-NT: Mau sy thing
hoa, nghién thd; SDL-NTL: Mau say dbi luu, nghién nito 16ng; STH-NTL: May siy

thang hoa, nghién nito 16ng. Két qua khac biét c6 ¥ nghia thong ké véi muc y nghia p
< 5% duoc danh diu bang ky hiéu (*) cho cac miu.

Ham luong crocin thu nhan theo dd thi hinh 3.3 ¢c6 su thay ddi sau khi cac mau
duoc tién xu ly bﬁng cac ky thuat khac nhau. Do d6, co thé théy rﬁng viéc xu 1y so bo
nguyén liéu da anh huong dang ké dén sy thu hoi crocin trong qua trinh chiét xuat.

Theo két qua tir hinh 3.3 cho thdy, dbi v6i cac mau duoc siy ddi luu ham luong
crocin chiét xuét dugc dao dong tr 33,55 + 0,51 mg/g CK dén 55,33 + 0,54 mg/g CK,
trong khi d6 d6i v6i cac miu thuc hién sdy thing hoa, chung thay di tir 41,92 + 0,43
mg/g CK dén 62,23 £ 0,50 mg/g CK.
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Nang suét crocin cao nhat dugc thu nhan tir mau duoc xi 1y so bo: séy thang hoa
va nghién két hop nito 10ng (62,23 + 0,50 mg/g CK). Tir do, co6 thé thiy dugc su hiéu
qua trong viéc két hop xtr 1y so bd dén nang suét thu hoi crocin.

Tac dong cua sy thing hoa d6i véi qua danh danh cho thiy cac mau siy thing
hoa dé chiét xuat hon, dic biét 1a khi duoc nghién trong nito 1ong dé giam kich thudc
hat. Vat liéu séy thang hoa da duogc nghién ctru va st dung rong rai trong nhiéu nghién
clru vé chiét xudt cac hop chét hoat tinh sinh hoc (Kunal et al., 2015; Sun et al., 2015;
Oprica et al., 2019; Krakowska-Sieprawska et al., 2022). Cac nghién ctru chirng minh
phuong phap siy thing hoa nguyén liéu c6 thé nang cao hiéu qua thu nhin cac hop chat
quy tir cac quy trinh chiét xuat. Déi voi phuong phap nay, diém khac biét chinh nam &
co ché loai bo nude, mirc do mat nude (siy thing hoa loai bo téi 98% luong nudc, trong
khi sy truyén thong chi loai bo 70% — 80%). Pong thoi, phuong phap siy thing hoa co
thé duy tri va giir duoc cac thanh phan dinh dudng cao (Jiang et al., 2019; Oprica et al.,
2019; Elshaafi et al., 2020; Krakowska-Sieprawska et al., 2022).

Bén canh do, nghién lanh hay con goi la nghién nito 1dng 1a mdt k¥ thuat tién tién,
bang cach sir dung nhiét do cuc thap, khoang -196°C. Qua trinh nghién két hop nito long
cho phép giam kich thudc hat t6i da (Hemery et al., 2011; Balbino et al., 2019).

Vi vay, tién xir Iy nguyén liéu dong mot vai trd quan trong, anh hudng 16n dén
hi¢u qua chiét xuit va thu nhan crocin. Do d6, mau nguyén li¢u STH-NLT s€ dugc st
dung trong cac nghién ciru tiép theo cta nghién ctru nay.

3.2. Khio sat cac yéu té anh hwéng dén qua trinh chiét xuit chit mau
3.2.1 Khdo sdt so by anh hwéng ciia phwong phdp chiét xudt

Trude khi thue hién khao sat cac yéu t6 anh huong dén qua trinh chiét xut chat
mau, chiing t6i da tién hanh nghién ciru 02 k¥ thuat trich ly dén ham lugng chat mau
trong pham vi phong thi nghiém: chiét xuit ngam 1y trong dung méi c6 hd trg lic va
chiét xuat bang phuong phap siéu am.

Céch thyc hién phuong phap siéu am duoc tién hanh nhu thi nghiém muc 3.1 dbi
v6i mau STH-NLT. Péi véi phuong phéap chiét xuit ngam ly trong dung méi ¢ hd tro
lac: tién hanh ldy 1 g bot danh danh da tién xir Iy cho vao binh chiét va bo sung 100 mL
nuée. Dat mau chiét vao thiét bi 1 lac nhiét, diéu chinh nhiét d6 55°C, thoi gian 45 phit,

tdc d6 lac 150 rpm (Nguyen et al., 2022). Két qua nghién ciru thé hién qua bang 3.1.
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Bang 3.1. Két qua thu nhan ham lugng crocin theo k¥ thuat chiét xuét

K¥ thuat chiét Ngam-lac Siéu am

Ham lugng crocin (mg/g CK) 42,12+ 0,35 62,89 +0,32"

(*): Két qua khac biét c6 ¥ nghia thong ké véi mire y nghia p < 5%

Tir két qua nghién ctiru bang 3.1 cho thiy hiéu qua cua phuong phap chiét xuit
siéu Am so v&i phuong phap ngam két hop lac. Ham luong crocin thu nhéan sau thoi gian
ngam 1y trong dung moi két hop lic dat 42,12 + 0,35 mg/g CK thip hon phuong phap
siéu am khoang 20 mg/g CK. Diéu d6 cho thiy rang siéu 4m tao ra dao dong manh gitip
dung moi thdm siu va hoa tan crocin t6t hon so véi ngdm mau trong dung méi va két
hop ldc. Qua trinh ngdm va lic giup chat mau c6 thé khuéch tan tw nhién tuy nhién can
thuc hién & thoi gian dai dé c6 thé thu nhan ching hiéu qua (Nguyen et al., 2020). Trong
khi d6, siéu 4m thuc hién thoi gian ngin c6 thé tao sy rung dong manh, phan tan nguyén
liéu hiéu qua (Sarfarazi et al., 2022). Chinh vi vay, chung t6i tién hanh thuc hién phuong
phap siéu am trong nghién ciru tiép theo.

3.2.2 Khdo sdt cdc yéu té anh hwéng bing phwong phdp siéu dm

Trong nghién ciru ndy, chiing toi tién hanh khao sat cac yéu td anh huong dén qua

trinh chiét xut crocin bao gdm (Nguyen & Pham, 2016; Yingpeng et al., 2018):

v' Nong d6 dung moi

v' Ty 1é nguyén liéu/dung moi

v" Cuong do siéu am

v Thoi gian siéu &m
Céc nghién ctru dugc thuc hi¢n lan luot theo cac yéu td anh huong nhu trén. Pau tién,
tién hanh xac dinh anh hudéng néng do dung moi, chung toi tién hanh lya chon hé dung
mdi ethanol: nudc. LAy 1gram mau bot danh danh thuc hién chiét bang phwong phap
siéu am trong 100ml dung moi, séng siéu 4m hd trg véi cudng do6 50% thuc hién chiét
6 phut. Tiép theo, mau chiét s& duoc loc va ly tim thu hdi dich chiét crocin tho (Nguyen
et al., 2022). Tién hanh xac dinh ham lugng crocin tir cac mau khao sat.
Sau khi xac dinh dugc hé dung méi chiét xuat, chung toi tién hanh nghién ctru anh huong
ctia ty 18 nguyén liéu va dung mai (tir 1g/100mL dén 5g/100mL). C6 dinh diéu kién chiét
xudt dbi v6i hé dung moi, cuong do siéu am va thoi gian siéu am. Xac dinh duoc ty 18

nguyén li€u va dung moi, chiing t61 tién hanh twong tu doi vdi cac yeu to anh hudng
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khac nhu cudng do siéu am (tir 40% dén 80%) va thoi gian siéu am (tir 2 phat dén 10
phut). Téng hop tt ca cac nghién ctru khao sat trén, chung t6i thuc hién chi tiét qua d6
thi hinh 3.4. nhu sau:
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Hinh 3.4. Két qua khao sat cac yéu t6 anh huong dén ham lugng crocin
A. Nong do dung méi; B. Ty 1& nguyén liéu/dung moi; C. Cuong do siéu am; D.
Thoi gian siéu am. Két qua khac biét co y nghia thong ké v6i mirc ¥ nghia p <
5% duogc danh ddu bang ky hiéu (*) cho cac mau
Nang suat crocin dat gia tri cao sau khi chiét xuit tai néng d6 h¢ dung moi ethanol: nudc

ty 1& thé tich 40 ethanol :60 nudc, twong tmg ndng do dung moi ethanol 40%) 1a 88,04
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+ 0,45 mg/g CK; ty 1€ nguyén li¢u va dung moi (3g/mL) 1a 88,45 + 0,68 mg/g/CK; cudong
do si€éu am (60%) 1a 94,95 + 0,91 mg/g CK va thoi gian si€u am (6 phut) 1a 95,04 + 0,81
mg/g CK.

v' Nong d6 dung moi
Céu tric cta crocin bao gém hai thianh phan riéng biét: nhém glycosyl wa nudc
(hydrophilic) va phan doan polyene ky nuéc (hydrophobic) co ngudén gdc tir axit
crocetin. Vi cdu tao doc ddo nay cho phép crocin hoa tan hiéu qué trong ethanol va
nuéc. Tuy nhién, khi trich ly voi lugng nude qua mirc ¢6 thé can trg do hoa tan ciia phan
ky nuée, va nguoc lai néu luong ethanol qua mire c6 thé 1am giam do hoa tan ctia phan
ua nudc (Shi et al., 2016; Nguyen et al., 2022).

v Ty 1é nguyén liéu/dung moi
Hiéu suat chiét xuat crocin tang khi ty 1& nguyén liu ting. Tuy nhién, khi ty 1& khoi
lwong mau tiép tuc ting, dién tich bé mat tiép xac giira nguyén liéu thd va dung moi bi
giam, hodc lugng dung méi co thé tré nén khong du dé hoa tan cac hop chit sic t6 trong
nguyén liéu. Piéu nay c6 thé din dén sy suy giam hiéu suét chiét xuat crocin (Nguyen
et al., 2022).

v" Cuong do siéu am
Phuong phap siéu 4m gitp ting cuong hiéu suit chiét xuét sic td crocin, v6i ham luong
crocin cao nhat dugc thu nhan khi thuc hién & cuong do siéu am dat 60%. Tuy nhién,
khi cuong do nay dugc tang 1én 80%, ham lugng crocin lai gidm. Sy suy gidm nay co
thé 1a do cudng do siéu 4m qua mirc, gy ra su phd v& va phan hiy cua mot sé sic td
crocin. Cuong do siéu 4m cao ciing c6 thé dan dén sy ting sinh nhiét, 1am suy thoai sic
t6 crocin (Wang et al., 2012; Kutlu et al., 2022; Lipeng et al., 2023).

v" Thoi gian siéu &m
Thoi gian siéu 4m bi anh hudng boi cac yéu té nhu ty 16 nguyén liéu, dung méi duoc sir
dung va cuong do siéu am. Thoi gian siéu 4m kéo dai c6 thé s& nang cao hiéu suét chiét
XUAt. Tuy nhién, vugt qua mot ngudng nhét dinh, viéc kéo dai thoi gian siéu am khong
con cai thién hiéu suét va tham chi c6 thé lam thay ddi cAu trac séc to hoac chiét xuét céc
hop chat khong mong mudn. Néu qua trinh siéu 4m qua ngan, dung méi c6 thé chua xam
nhap hoac maéi1 xam nhap mat phﬁn vao mau chiét dé hoa tan crocin, dan dén hiéu suit

chiét xuat thdp (Naczk et al., 2004; Silva et al., 2007; Xin-Sheng et al., 2012).
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T céc két qua thu nhan nhu trén, chung t6i da tiép tuc thuc hién tdi wu héa céc yéu td

anh huong.

3.3. Nghién ciru toi wu héa cac dieu kién chiet xuat chat mau crocin

theo mo hinh Box — Behnken design.

Thiét ké thi nghiém

Tién hanh téi vu hoa cac yéu té anh hudng bang phuong phap bé mit dap tng

Mirc thiét ké thi nghiém cua cac bién doc 1ap duogc sir dung trong nghién ctru ndy dugc

trinh bay qua bang 2.1. Thyc hién 54 thi nghiém theo cac diéu kién chiét xuat da duoc

biéu dién & bang 2.2, thu nhan két qua nghién ctru duge trinh bay theo bang 3.2.

Bang 3.2. Két qua thyc nghiém ham luong chat mau crocin thu nhan theo ma tran cac

yéu t6 anh huong

. Thoi gian
STT Ty I¢ nguyén Nong do Cuong 40 siéu Am Ham lwong crocin
liéu/dung moéi | dung moi siéu am
(mg/g CK)
g/100mL (%) (%) (phut)
1 2 60 60 6 80,94
2 2 40 50 6 72,00
3 2 40 60 8 77,85
4 2 20 60 6 68,52
5 2 40 60 4 79,62
6 2 40 70 6 82,62
7 2 60 60 6 79,76
8 2 40 50 6 72,08
9 2 40 60 8 77,53
10 2 20 60 6 69,69
11 2 40 60 4 78,61
12 2 40 70 6 82,29
13 3 40 60 6 95,58
14 3 60 50 6 67,32
15 3 60 60 8 65,80
16 3 60 60 4 64,75
17 3 40 50 4 63,05
18 3 40 70 8 59,28
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19 3 40 70 4 60,54
20 3 40 60 6 93,70
21 3 20 70 6 62,52
22 3 60 70 6 71,17
23 3 40 60 6 95,77
24 3 20 60 4 70,01
25 3 40 50 8 56,45
26 3 20 60 8 68,54
27 3 20 50 6 71,37
28 3 40 60 6 94,53
29 3 60 50 6 66,52
30 3 60 60 8 66,82
31 3 60 60 4 66,69
32 3 40 50 4 63,47
33 3 40 70 8 60,38
34 3 40 70 4 61,91
35 3 40 60 6 94,18
36 3 20 70 6 54,86
37 3 60 70 6 71,56
38 3 40 60 6 96,51
39 3 20 60 4 70,75
40 3 40 50 8 57,30
41 3 20 60 8 69,93
42 3 20 50 6 71,98
43 4 20 60 6 69,03
44 4 60 60 6 67,04
45 4 40 70 6 71,89
46 4 40 60 4 65,68
47 4 40 50 6 70,01
48 4 40 60 8 68,80
49 4 20 60 6 70,61
50 4 60 60 6 68,54
51 4 40 70 6 71,71
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52 4 40 60 4 65,93
53 4 40 50 6 70,33
54 4 40 60 8 69,50

Tir cac két qua duoge trinh bay trong bang 3.2 cho thiy, chat mau c6 ham luong
dat gia tri tot nhat tai thi nghiém s6 38. Ham luong crocin dat duoc 96.51 mg/g CK khi
thue hién chiét xuat véi ty 16 nguyén liéu va dung méi 1 3 g/ 100mL, ndng do dung méi
1a 40%, cuong do si€u am la 60%, va thoi gian si€u am la 6 phat. Nguoc lai, tai thi
nghiém sb 36, véi ty 18 nguyén liéu va dung méi 1a 3 g/ 100mL, ndng do dung moéi 1a
20%, cuong do si€u am la 70%, va thoi gian si€u am 1a 6 pht, nang sudt thu nhan chét
mau dat thap nhat 1 54,86 mg/g CK. Tai cac diém trung tam, ty 1& nguyén liéu va dung
mdi 12 3 g/ 100mL, ndng d6 dung mai 1a 40%, cudng do siéu am 1a 60%, va thoi gian
siéu am 14 6 phat, ham luong crocin dao dong tir 9,70 mg/g CK dén 96,51 mg/g CK.
T6i wu héa bé mdt dap iing

Dya vio két qua thyc hién thi nghiém va ap dung phan mém Statgraphic
Centurion X VI, tién hanh phan tich dit liéu. Két qua thu duogc thé hién qua mé hinh cho
thdy sw anh hudng cua cac théng sd nay dén ndng do crocin thu nhan. Két qua dugc trinh

bay trong hinh 3.5 v&i cac mdi lién hé tuong tac sau:
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28 32
Ty 1€ nguyén liéu (g/100 mL)
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101 ;
91F

81!

Crocin yield (mg/g CK)

Cuong d6 siéu am (%) ,‘\{6\

Hinh 3.5. Bé mit dap tng udc tinh theo cac thong sd ty 1¢ nguyén liéu, ndng do
dung moi, cuong dg si€u am, thoi gian si€u am
A. Anh hudng cua ty 1& nguyén liéu (2/100 mL) va nong d6 dung mdi (%) va tuong
tac cua chung dén ham luong crocin
B. Anh hudng cua ty 1 nguyén liéu (/100 mL) va cuong d6 siéu am (%) va tuong
tac cua chung dén ham luong crocin
C. Anh huéng cta ty 1& nguyén liéu (g/100ml) va thoi gian siéu 4m va tuong tac cua
ching dén ham lugng crocin
D. Nong d6 dung méi (%) va thoi gian siéu am (phut) va twong tac ciia chung dén
ham luong crocin
E. Nong d6 dung moi (%) va cudng do siéu 4m (%) va tuong tic clia ching dén ham
luong crocin
F. Cuong dd siéu am (%) va thoi gian siéu am (%) va tuong tac ciia chung dén ham
luong crocin
Bén canh do, su phu hop ciia m6 hinh con dugc kiém tra qua hé s6 xac dinh tuong
quan R2. Theo Guan va Yao (2008), mé hinh twrong quan tot khi hé sé xac dinh twong
quan R?16n hon 0,8. M6 hinh twong quan thuc nghiém da théa man diéu kién voi thong
s6 R? cao (R=0,91).
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Bang 3.3. Két qua phan tich théng ké ANOVA mirc ¥ nghia ctia cac hé sb hdi quy cho

qua trinh chiét xuét

Ngudn Tong binh | P twdo| Trungbinhbinh | GiatriF | GiatriP
phuong phuong
A 356,05 1 356,05 26,72 0,0000
B 15,20 1 15,20 1,14 0,2921
C 3,26 1 3,26 0,24 0,6235
D 6,85 1 6,85 0,51 0,4774
A? 544,32 1 544,32 40,85 0,0000
AB 88,11 1 88,11 6,61 0,0141
AC 38,59 1 38,59 2,90 0,0968
AD 11,38 1 11,38 0,85 0,3612
B? 1840,24 1 1840,24 138,09 0,0000
BC 151,90 1 151,90 11,40 0,0017
BD 1,51 1 1,51 0,11 0,7386
C? 2651,6 1 2651,6 198,97 0,0000
CD 12,45 1 12,45 0,93 0,3397
D? 2723,99 1 2723,99 204,40 0,0000
Total 519,73 39 13,3265
error
Total 5627,55 53
(corr.)

Phuong trinh hdi quy cho thidy méi quan hé giita ham luwong crocin va bbn bién
phu thudc (theo cac gia tri ma ho) d6i vdi mo hinh bac hai ctia bé mat dap tng theo thiét
ké Box — Behnken dé trich xuat duoc mé ta trong phuong trinh (3) hé sé xac dinh R%=
0,91.

Y=-695,22 + 55,25A + 1,79B + 18,37C + 41,71D — 7,14A%? — 0,17AB — 0,22AC +
0,60AD — 0,033B% + 0,022BC + 0,01BD - 0,16C? + 0.06CD — 3,99D? 3)
R?=0,91

Trong do:
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Y: ham lugng crocin (mg/g CK)

A: Ty 1€ nguyén liéu/ 100 mL (mg/100 mL)
B: Nong d6 dung méi v:v (%)

C: Cuong do siéu am (%)

D: Thoi gian si€u am (phut).

Két qua mo hinh dy doan theo phuong phap bé mat dap Gmg nhu sau: ning suit
chat mau tu nhién crocin dat 95,65 (mg/g CK) thuc hién t61 uu hoa tai cac diéu kién: ty
1€ nguyén li¢u/ 100 mL dung moéi (A) 2,70g/100 mL; ty 1€ dung moi (B) 41,48%; cuong
do siéu am (C) 60,41% va thoi gian siéu am (D) 5,95 phut.

Tién hanh thi nghiém thuc nghiém theo két qua du kién, chiing toi cé duoc bang

tom tat nhu sau:

Bang 3.4. Bang tom tat két qua qua trinh chiét xuat chat mau

Sau t0i vu hoa

Ham lugng crocin

., , Gia tri tu Gia tri tur
Yéu td trudce khi to1 uu
mo hinh hoa thuc nghi¢m
hoa
Ty 1€ nguyén 1i¢u/100ml
yene .y ' 3 2,70 2,70
dung moi (g/100ml)
Nong d6 dung méi (%) 40 41,48 41,48
Cuong do siéu am (%) 60 60,41 60,41
Thoi gian si€u am (phut) 6 5,95 5,95
Ham Ilugng crocin (mg/g
95,04 £ 0,81 95,65 97,05+ 0,63

CK)

Sau khi tién hanh thuc nghiém tai cac diéu kién t6i wu, ham lugng crocin da tang
thém 2,01 mg/g CK so véi gia tri trude khi t6i wu hoa. Pong thoi, khi thye hién tdi vu
hoa cac diéu kién chiét xuat thi ty 1¢ nguyén liéu sir dung cho qua trinh thu nhan crocin
d3 giam dang ké tir 3 g xudng con 2,7 g. Pidu nay cho thay, khi thuc hién t6i wu hoa cac
yéu t6 anh huong da thu nhan ham luong crocin dat nang suat cao dong thoi c6 thé tiét

kiém duogc vat liéu chiét xuat, mang lgi ich v€ mat kinh té.
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Hinh 3.6. Hinh anh vé chat mau ty nhién crocin tir qua danh danh
3.4. D@ xuit quy trinh chiét xuét chit mau crocin tir qua danh danh theo quy mé
phong thi nghiém
3.4.1. So do quy trinh chiét xudt
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Qua danh danh

Say thang hoa

4
Nghién nito 1ong

Chiét xuat si€u am crocin <«—  Dung méi ethanol

Dich chiét crocin

Hinh 3.7. So @6 quy trinh chiét xuat chat mau ty nhién crocin tir qua danh danh

bang phuong phap siéu 4m
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3.4.2. Thuyét minh quy trinh chiét xuit
3.4.2.1. Nguyén li¢u
Yéu cau nguyén liéu: Qua danh danh st dung 13 qua chin, con nguyén ven,

khong hu hong, khong bi nAm méc.
3.4.2.2. Sy thiang hoa
a. Muc dich:
+ Muc dich:

- Say kho nguyén liéu

- Chuan bi cho cong doan tiép theo
+ Cach thyc hién:

Nguyén liéu sau khi duoc boc vo va phén loai tién hanh sdy thing hoa. Str dung

thiét bi sdy thang hoa mini SUNSAY (2—5kg/mé).

Hinh 3.8. Thiét b sdy thang hoa

Qua trinh sdy thing hoa nguyén liéu bao gém hai giai doan. Giai doan dau tién,
cép dong hat 12 gio tai nhiét do -45°C, sau d6 duoc séy kho béng may séy thang hoa tai
45°C trong 12 gid dén khéi lugng khong doi, dicu kién say khong anh sang.

c. Nghién nito 16ng
+ Muc dich:

- Lam nho nguyén li¢u
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- Tao diéu kién thuén lgi cho cong doan tiép theo
+ Cach thuc hién:

Str dung cbi st va chay st dé nghién nguyén liéu. Pau tién, dat cdi st vao thau
c6 chtra sin d4 min dé 1am lanh cdi trude khi nghién. Tiép theo, cho nguyén liéu sdy vao
cbi str, sau do6 tir tir cho dung dich nito 16ng -196°C va tién hanh nghién min nhanh chéng.
Luu ¥: trong qua trinh nghién bang nito 16ng can tién hanh mang gang tay day tranh bi
bong lanh.

d. Chiét xuét siéu am crocin
+ Muc dich:

Chiét xuét chit mau tu nhién
+ Cach thuc hién:

Cho 3 gram mau nguyén li¢u vao thiét bi siéu 4m, tién hanh b6 sung 100 mL dung
moi ethanol nong do 41,48%. Thuc hién chiét xuét crocin tai diéu kién thoi gian chiét
xuét 5,95 phut, cuong do si€u am 60,41%. Sau khi thuc hién qua trinh chiét, tién hanh
loc mau.

e. Loc
+ Muc dich: tich ba danh danh va thu nhén dich chiét tho crocin
+ Cach thuc hién:

Sau khi tién hanh chiét xuat bang phuong phap siéu am, tién hanh loc chan khong

thu cong.

f. Ly tam

+ Muc dich: tich phan ba con lai tir dich chiét tho crocin sau khi loc
+ Cach thuc hién:

Sau khi tién hanh loc, tién hanh ly tim mau bang thiét bi ly tim. Diéu kién thuc
hién ly tdm: 6.000 vong/phut, thoi gian ly tAm 15 phat. Két thic qua trinh ly tim, thu

nhan dich chiét tho crocin va ba.
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KET LUAN VA KIEN NGHI
1. Két luan
- Thong qua cac két qua nghién ctru cho thay, cong doan xir Iy miu chiét rit quan trong
trong quy trinh chiét xuét.
e Qua danh danh duoc sdy d6i luu va sdy thing hoa khi két hop nghién bang nito
16ng c6 thé nang cao hiéu suat chiét xuit crocin tho.
e Qua danh danh siy thiang hoa, nghién két hop nito 10ng cho ning suat chit mau
crocin dat 62,23 + 0,50 mg/g CK.
- Phuong phép si€éu am da dat hiéu qua cao. Ham lugng crocin thu dugc dat 95,04 +
0,81mg/g CK khi thyc hién tai cac diéu kién chiét xuat nhu sau:
e Nong d6 dung méi ethanol: nudc: 40%.
e Ty l¢ nguyén li¢u va dung moi: 3g/100 mL
* (Cuong do si€éu am: 60%
® Thoi gian si€éu am: 6 phut.
- Phuong phap t6i wu hoa bé mat dap tng dat hiéu qua nang cao kha ning thu hdi crocin
thd. Ham lugng crocin thu duoc dat 97,05 + 0,63 mg/g CK khi thyc hi¢n tai cac diéu
kién chiét xuét tdi wu nhu sau:
e Nong d6 dung méi ethanol: nudc: 41,48%.
e Ty I¢ nguyén li¢u va dung moi: 2,7g/100 mL
* (Cuong do si€u am: 60,41%
® Thoi gian siéu am: 5,95 phut.
2. Kién nghi
- Nghién ctru quy trinh tinh sach va 6n dinh crocin tir mau dich chiét tho

- Nghién ctru tao sdn pham bdt chat mau crocin
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10. TONG QUAN TINH HINH NGHIEN CUU THUQC LINH VUC CUA BE
TAI § TRONG VA NGOAI NUGC

10.1. Ngoai nuée

Crocin 13 m§t hgp chét héa hoc carotenoid tyr nhién dugc tim thy trong hoa ciia ciy nghé va
cdy dinh danh [1]. Ddy 12 m{t diester hinh thanh tir cic gentiobiose disaccharide va axit
crocetin dicarboxylic. Crocin c6 mau 86 dim va & dang tinh thé, nhiét 49 néng chay 186°C.
Khi hda tan trong nuéc né c6 mau ving hojic mau ving cam, hoa tan tt trong nu6e [2].
Crocin c6 thé duge chiét xufit bing phwong phép co ban nhw ngém trong dung méi. Ngoai ra,
céc nghién céu chiét xuft chét mau hign nay dwgc nghién céu rfng réi nhur phwon ;;‘l:z vi
séng, siéu am, hoic sy két hop gifta cic phuong ph4p nhim néng cao kha ning chigt tir
nguyén liéu hoa nghé tiy va qua danh [2}{3]. Chét mau crocin dugc émg dyng trong nganh
thyc phim va y hoc. Bén canh vai trd chat mau, n6 cdn 12 chét chéng oxi héa, béo vé gan bj
ton throng, chéng ting lipid trong méu [4]. ~ :

Tai li¢u tham khéo: s J

1. Yang Bin, Xuan Liu, Yanxiang Gao (2009). Extraction optimization of bioactive
compounds (crocin, geniposide and total phenolic compounds) from Gardenia (Gardenia
Jjasminoides Ellis) fruits with response surface methodology, Journal of Ethnopharmacology.
2. F. Hadizadeh, S.A. Mohajeri, M. Seifi (2010). Extraction and Purification of Crocin from
Saffron Stigmas Employing a Simple and Efficient Crystallization Method. Pakistan Journal
of Biological Sciences.

3. Yingpeng Tong, Yu Jiang, Dan Guo, Yongqiu Yan, Shiping Jiang, Yu Lu,
S. Zahra Bathaie, and Ping Wang (2018). Homogenate Extraction of Crocins from Saffron
Optimized by Response Surface Methodology. Journal of Chemistry.

4. S. Karasu, Y. Bayram, K. Ozkan, O. Sagdic, (2019). Extraction optimization crocin
pigments of safon (Crocus sativus) using response surface methodology and determination
stability of crocin microcapsules. Journal of Food Measurement and Characteziration.

10.2. Trong nuée » .
Danh danh cén c6 tén 12 Chi tir, méu don hay bach hai dudng. O nuée ta, dinh danh thubnﬁ
dugc ding 13m céy cénh, qua sir dyng lam thudc [1]. Qua danh danh cdn c6 téc dyng lim ch
mau ty nhién vira dgp mét vira tbt cho strc khoe. Qua danh dinh cho ra mau vang khéng doc
c6 thé sir dyng tao mau cho thyc phdm nhv nhufm x6i, 1Am mit dira, [im bénh, thach rau
cu, nuéc mém [2][3]... Hat danh danh thudmg khé cimg, vi vy truéc khi mubn sir dung cin
phai ngam v6i nuéc trong mét khoang thdri gian sau 6 si dyng 13m mau thyc phim tgo mau
céic mén n [3]. M6t sb c4c nghién ctru & nudr ta bude diu d& thyc hién chiét xuét chit mau
bing phwong phép ngém, d4nh gis vé 49 bén mau ciia chét mau, nghién ciru bét mau (Pham
Thanh Quén 2000; Nguyén Thj Thanh Thiry va cs 2016; Nguyén Hitu Phudc Trang va cs
2023). A oy -
Tai li€u tham khio: ; : ’
1. Pham Thanh Quén (2000). Nghién ctru chdt mau tan trong nudc tir qud danh danh
Gardenia Jasminoides Ellis, Lufn én tién s§ k¥ thuat, Khoa Céng nghé Ho4 hoc. Pai hoc
Béch Khoa thanh ph§ H Chi Minh. .
2. Nguyén Thj Thanh Thity, Nguyén Thj Hién (2016). Chiét tdch va khdo sdt d¢ bén cia chat
mau crocin tiz qud danh danh, Tap chi Khoa hoc Nong nghiép Viét Nam. .
3. Nguyén Hitu Phudc Trang, V3 Thj Thao Nhi, Trin Thj Kim Hong, Trin Thj Ngoc Linh,
Pham Thj Nga (2023). Buéc du nghién cru thu nhén bt mau vang ty nhién chigt xuét tir
g;l_é danh danh (Gradenia Jasminodes ellis). Tap chi Khoa hoc va Céng ngh¢ Pai hoc Pa
e .
10.3. Danh myc c4c cong trinh 44 cdng b thuc linh vyre ciia dé tai clia chi nhi¢m va nhing
 thinh vién tham gia nghién ciru T AR
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T. P.C,, Tran, T. N. L. and Dumay, J (2020). Optimisation of hydrolysis conditions for
extraction of R-phycoerythrin from Gracilaria gracilis by enzyme polysaccharidase and
response surface methodology. International Food Research Journal: 1147- 1155 (SCIE, Q3).
4. Nguyén Hitu Phu6c Trang, V6 Thj Thio Nhi, Trin Thj Kim Hong, Trin Thj Ngoc Linh,
Pham Thj Nga (2023). Buéc diu nghién ctru thu nhén bt mau vng tyr nhién chiét xufit tir
qué dinh danh (Gradenia Jasminodes ellis). Tgp chi Khoa hoc va Cong ngh¢ Dai hoc Da
Nang: 13-17. ‘ )

5. Trén Thj Ngoc Linh, Trin Thj Kim Hdng, Pham Phui Song Toan. Nghién ciru chiét tich
tannin ti qua Didu gia (4nacarduyn occidentale L.) va mg dyng bdo quén dAu thye vit. Tap
chi Khoa hoc Céng nghé (Pai hoc Da Néng). S6: 11 (108). Trang: 102-106. Nim 2016.

11. TINH CAP THIET CUA DE TAI
Qué dinh dinh (tén khoa hoc Gardenia jasminoides), con goi 12 qua chi tiy, 13 mt logi qua
clia cdy danh danh, thugc ho Ca phé (Rubiaceae). Loai qua nay trdng khé phd bién & khu vyrc
mién Bfc Viét Nam. Hi¢n nay, cy dinh danh ciing dwgc trong & mién Trung nhw Quéng
Nam, Nghé An, Thanh Héa, Ha Tinh... Ngudi dﬁntr%ngdﬁnhdﬁnhkhﬁngchide 14y qua lam
duge ligu ma con 48 13m cénh vi hoa danh danh rit dep va thom. Qua danh danh chira séc t6
mau vang nén dugc nhidu ngudi sir dyng dé ché bién cdc mén &n nhur nfu x6i, 1am thach rau
céu, keo, mr6c mam... Ngodi ra, trong qua cdn chra mt s thanh phin mang hoat tinh sinh
hoc nén chiing dugc ding 1am thudc trong céc cira hang dugc lign. - |
Mau sic 13 mét trong nhitng yéu t6 dang ngay cing dugc quan tim nhiéu hon trong linh virc
thyc phim. V6i xu huéng toan ciu thay thé chét tgo mau tong hgp béng cht tao mau tyr nhién
- 12 chét mau khéng dfc hai, thén thién véi moi trrdmg, c6 ngudn gbe ty nhién. Céc cht mau
ty nhién thudmg duge thu nhén nhir carotenoid, anthocyanin, phycoerythrin. ..Crocin 1a m§t
trong nhimg chét thufc nhém carotenoid, 13 phin tao mau ving cam trong thyc phim.
Bén canh 46, nhidu nghién céru 43 cho thy: crocin khong nhimg tao mau tot ma con ¢6 nhiéu
| thc dung nhur ci thién tri nh6, chéngbogiﬁt-béoveﬂlgnkinh,chénguimcém,k:héng oxy |-

héa... D& c6 thé sir dyng crocin 13m chét tao mau thyc phim, cin phéi thyc hién qua trinh
chiét xuflt, trich ly. Dung méi phd bién durgc sir dyng trong chiét xust crocin 13 nuée, ethanol |
va axeton. Crocin thudng c6 mit trong qud cly dinh danh va nhyy hoa ngh¢ tdy. |
Céc nihién ctru chiét xuft chét mau ty nhién d4 va dang dugc nghién ciru ngdy cing rong réi
tir nhiéu ngudn nguyén li¢u tir nhién nhim muyc dich cung cép dén thij trrimg tiéu thy nguén
chét mau tir nhién, an todn cho ngudi sir dyng. Do d6, d& tai “Nghién ciru chiét xuét chit mau
thyc phém ty nhién crocin tir qué dinh danh” 13 42 tai mang tinh cAp thiét.

12. MUC TIEU BE TAI :

Nghién cfru chiét xuft chét mau ty nhién crocin tir qué dinh dinh nhim bd sung thém
ngudn chit mau ty nhién cho nganh cong nghiép thyrc phédm. Nghién ctru ciia d2 tii tip trung
Va0 quy trinh chiét xufit chét mau ty nhién crocin thong qua viéc nghién ciru céc yéu t6 anh
huéng dén qué trinh chiét xufit. Tir 46, nghién ctu t6i wu héa cic yéu t6 inh huong dén qua
trinh chiét xuft chit mau ty nhién tir qua dinh dinh nhim thu nh4n chét mau c6 ning suit

Cao.
13. POI TUQNG, PHAM VI NGHIEN CUU
| 13.1. Bbi trgng nghién ciru
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trrong, Trr

[Qua dinh danh

13.2. Pham vi nghién ctru
- Nghién ciru dugc thyc hién tai c4c phong thi nghi¢m cia khoa Cong ngh¢ Hoa hoc-Mbi
Dai hoc Su pham K¢ thujt Pa Néing (PTN Céng nghé Sinh hoc, PTN Céng
| ngh¢ Thyc phém, PTN Céng ngh¢ K§ thusit Héa hoc).

nict xult chét mdu crocin
Phuong phép héa ly: xdc dinh ham hrgng crocin
Phwong phép t6i wu héa cic didu kién chiét xuft chit
Centurion XVI -
Céc phuong phép phin tich va xir Iy sb lieu -

14. CACH TIEP CAN, PHUONG PHAP NGHIEN CUU

14.1, Céch tiép cén % et
Tix céc nghién ciru 8 duge cong bd vé céc phuong phip chi chéit mau crocin khéc
nhalkdétiihuéngdénnghiéncﬁuv:dgmgtguyu]nhchiétxuﬁtchétm&ucrocintt‘rqué

danh dinh v6i c4c thong s6 cdng nghé tbi wru nhim thu nhn chét mau c6 ning suét tét.

14.2. Phuong ph_ég nghién ciru
Phuong phép chi

‘miu sit dyng phin mém Stargraphic

15. NOI DUNG NGHIEN CUU VAKE
15.1. Noi dung nghién ciru .
- N§i dung 1: Tim hiéu va viét tdng quan d& tai
- N¢i dung 2: Khio sét céc yéu t6 dnh huémg dén qua trinh chiét xuéit chét mau
- N§i dung 3: Nghién ctru t5i uu héa céc diéu kién chiét xuét chit mau crocin
- N§i dung 4: Phan tich, xir If két qua nghién ctru, viét bai béo

15.2. K& hogch nghién ctru

HOACH NGHIEN CUU

o |, Tigm |- NEERIW
' : (théng/nim bat 2 2
STT |  Noi dung cong viée Snphdm |7 gy . g7k il
¢, | vatén)—chén
: thing/nfim ket cft s6 ngay
thac) ”
cong
1| Noi dung 1: Tim hicu va viét |Béngbéocdo | 01/2025- Nguyén Hiru
*| tong quan 42 tai AN 02/2025 Phué6c Trang
' Trin Thj Kim
Hong
Trin Thj Ngoc
. Linh
5. | N¢i dung 2: Khio sét cic yeu | Bing tong hgp - | 03/2025- Nguyén Hitu
| thanhhuong dénquatrinh | sb liukétqua | 05/2025 Phu6c Trang
chiét xuft chit mau céc nghién ctu Tr?nTthim
i Hong :
Trén Thj Ngoc
: - Linh
3| Ni dung 3: Nghiéncéu toi | Bangbdocdo | 06/2025- - Nguyén Hiru
"| wu héa céc diéu kién chiét 08/2025 Phuéc Trang
xufit chit mau crocin Trin Thj Kim
o8 Hong
4| N@i dung 4: Phan tich, xir 1y |Béangtonghgp | 09/2025- Nguyen Hiru
"| két qué nghién ciy, viét bai | sb liéukéquﬂ 12/2025 Phudc Trang
béo : cicnghiénciu |
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16. SAN PHAM

16.1. San phim khoa hoc

- Bibéo ding trén tap chi c6 tén trong danh myc Scopus/WoS X

- Bii béo diing trén tap chi/ky yéu dugc tinh diém trong danh myc HDCDGSNN  [J
- Sin phim khic: |
Téi liéu huéng din thi nghiém 0O Tai liéu huéng din thyc hanh O
Bii thyc hanh/bai thi nghiém O Gidotrinh [0 Tailiuthamkhio 0[O
16.2. Sinphim ddotgo:.

bPaotgo Caohoc O0 ‘PaotaoNCS O
Huéng din sinh vién bao vé d& tai/dd 4n tbt nghiep 0O
Huéng dén sinh vién nghién ciru khoa hoc: O
16.3. Sin phim {mg dung _
Chuong tinh méy timh - [J  Tiéu chuén [0 Chién huge a
Website _ O Phuong phép O Déén O
Thiét bj méy méc O Tailigu dy béo O Binquyhogch O
Day chuyén cong ngh¢ [1 Lufn chimg kinh té O Vatligu O
M hinh O Quiphgm O M. X
So 8, ban thiét ké [0 Bénkiénnghj O Gibngeaytbng 0O
Qui trinh cdng ngh¢ O Béocho phéntich O Gibng vit mdi 0O
16.4. Tén sin phim, s lwgng va yéu ciu khoa hoc d6i véi san phdm
TT ~ Tén sin phim S6 lwgng Yéu ciu khoa hoc
1. | Bai béo khoa hoc déing hojic chap 01 - Téc gia chinh (hojc tic gia
| nhén ding trén tap chi c6 tén trong . | dAu hoyic thc gia lién hé) cua
danh myc Wo$S/ Scopus : bdi béo 13 thanh vién tham
. gia thyc hign 48 t3i;
- Pon vj cOng tic clia tac gia
lién h¢ thu§c trudng Pai hoc
Su phgm K¢ thudt - Pai hoc
: Da Ning ;
2 M?u san phim chit mau chiét xudt | 100ml - Miu sin phim dugc x4c
" | tir qua danh danh dinh him lugng crocin.
- Ung dyng gidng day hoc
phin TN Phy gia thyc phdm,
Nganh Ky thujt thyc phim.
5 - Hji ddng Khoa hoc théng

17. HIEU QUA (gio dyc va d3o tao, kinh té - xa hdi)

+ V& gifo dyc va ddo tao: Nghién ctru chiét xuft chit mau ty nhién tir qui danh danh c6 thé
dugc g dyng trong gidng day va nghién ciru di véi cic hoc phin nhu Phy gia thyc phim
va Thi nghiém Phy gia thyc phim ciia nganh K§ thuét thyc phim.

+ V& Xinh té - x4 hoi: Chéit mau tyr nhién crocin tir qua dinh danh c6 thé dugc img dyng thay
thé cho c4c chét mau tdng hop trong cic quy trinh sin xufit céc sén phim thyc phim nhu
| banh, keo, nuéc mim, ... '
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g%;gUO’NG THUC CHUYEN GIAO KET QUA NGHIEN CUU VA DJA CHI UNG
- Phuong thérc chuyén giao két qua nghién ciru:
Ban giao tryc tiép cho B mén Cong nghé Thyc phim cia Khoa Cong nghé Héa hoc — M6i
trudmg, Trudng Dai hoc Su pham K§ thudt — Dai hoc Pa Ning.
- Dija chi img dung:
B mn Cong nghé thyc phéim, Khoa Cong ngh¢ Hoa hoc — Mdi trudmg, Trudmg Dai hoc Su
phamKy thufit — Dai hoc Da Néing, 48 Cao Thiing, P. Thanh Binh, Q. Hi Chéu, TP. Pa Nin
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B6n muoi tri¢u ddng chiin

19. KINH PHI THY'C HIEN PE TAI VA NGUON KINH PHI

Tong kinh phi: 40.000.000
Biing chir:
Trong d6: .
- Tirnguén Quy KHCN: 40.000.000 VND
Dy tri kinh phi theo céc myc chi (phit hop vdi ni dung nghién ciru):

- Tix cic ngudn kinh phi khéc: 0 VNP

: Ngudn kinh phf Ghi
e : Téng kinh phf | Kinh phitir | Cic | ¥
tt Khoin d P
S odn chi, n§i dung chi ®VT: VND) | Quy KHCN | ngudn
. . ' : (BVT: VND) | khfc |
1 | Chi tidn cong lao dong tryc tiép 37.696.000 | 37.696.000 0| Giao
| : kho4n
2 | Chi mua vét tir, nguyén vit li¢u 0 0 0
3 | Chi sira chita, mua s&m t3i sin cb dinh 0 0 0
4 | Chj hoi thio khoa hoc, cong tic phi 0 0 0
5 | Chi trd dich vy thué ngoai phyc vy nghién 0 0 0
6 | Chi diéu tra, khio st thu thép s liéu 0 0 0
7 Vﬁnphbngphém,thﬁngtmhén lac, in n 304.000 | 304.000 0| Giao
i khoédn
8 | Chi Hoi dong ty d4nh gid 0 0 0
Quén Iy chung nhiém vy KHCN: 12.000.000 2.000.000 0| Giao
: khoan
10 | Chi khéc lién quan’ 0 0 0
- TONG CONG 40.000.000 | 40.000.000 0

Ngay .29...thdng OA..ndm 2025
TM. HQI PONG KHOA

% ,

@mﬁ;

Ngiy.10.thdngoA..ndm 2025

Nguyén Hitu Phiréc Trang

tri duyét
TRUONG

Chii nhi¢m a2 tai

el

Da Néing, ngay o2 thing o nim ,ga,,zr;,"

PGS. TS. V6 Trung Hing
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Gm'rmNn CHI TIET CAC M{C CHI

Myc 1a: Bin tinh thi Iao lao djng phén theo ké hogch nghién ciru

Djnh mirc thil Iao thing ciia chi nhi¢m (DMCN) 3.800.000 ddng
e Tdng sb
Hp | Sb | Pl | s6 | théneasy

Ehie ngwid | o inocas | ngh ddicia | Tdng thilao

S6 3 Ino | trong g y ‘chirc thye hi¢n

N§i dung clng vige danh - chii nhi¢m | cOng

T khoa h dfng | nhém (DMcx) ®VT: danh/nhém nhi¢m vy

¢ | khoa | chirc : | chirc danh | (BVT: VND)
(BVT: ngay) % ;
hoc | danh VND) ®VT:
: théng)
) @ ep | @ | @ ) @ | 72622 | gosxsey
ngay
1 | Npidung 1: Tim hiéu va viét tdng quan 42 tai AR 2,00 4.560.000
1.1 | Thi lao 01 thanh vién chink 0,8 1 3.800.000 22 1,00 Hediose
Nguyéq Hiru Phuéc Trang vién 0,8 1 ' 3.800.000 22 1,00 . 3.040.000
chinh : ‘ _
1.2 | Tha lao nhdm 02 thanh vién 0,4 2 3.800.000 22 1,00 PrE I
Trdn Thj Kim Héng e 0,4 1 3.800.000 11 0,50 260.000
Trén Thi Ngoc Linh | vién || 3.800.000 ey 050 760.000
Npi dung 2: Khdo sdt cdc yéu t8 anh huwdng &én qud

2 | trink chiét xubt chét mau 05yt - 3,00 6.840.000
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| Thixtao 01 thank vien chinn - |

21 0,8 3.800000| 33| 1,50 '
f ’ 4.560.000
= Thanh ,
N, Hiru Ph vién _
guy s Trang 08 3.800.000 33 1,50 4.560.000
chinh
2.2 | Tha lao 02 thanh vién ' _ 04 3.800.000 33 1,50 2.280.000
Trin Thj Kim Hong vidn 0,4 3.800000 | 22| 1,00 1.520.000
AT N ol vién i 3800000| 1] 050 760.000
Céng vigc 3: Nghién ciru t8i wu héa cdc didu kign '
2 cui xudt chit mau crocin o L 2.280.000
3.1 | Thi lao 01 thank vién chink 0,8 3.800.000| 11| ‘0,50 .
S Thanh .
Nguyén Hiru Phuéc Trang vién 0,8 1| os0
yifn 3.800.000 | 1.520.000
3.2 | That lao nhom 01 thank vién | o4 3.300.000| . 11| 050 760.000
Trén Thi Kim Héng vién. 04 3.800000 | ''| 050 760.000
Cédng vigc 4: Thuc nghigm t8i wu héa cde diéu kign
L oy il et 66|, . 509 6.080.000
4.1 | This lao 01 thanh vién chink 0,8 3.800000| 22| 1,00 St
5 T _
Nguyén Httu Phuéc Trang vién 0,8 22 1,00
._ ot _ 3.800.000 3.040.000
4.2 | Thit lao nkom 02 thanh vien 04 -3.800.000| 44| 200 P
— Thanh
Trén Thi Kim Hing vién 0,475 3.800000 | 22| 1,00 1.520.000
Trin Thj Ngoc Linh vién 0.4 3800000 | 22| 1,00 1.520.000
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Cong vigc 5: Phan dch,aauy ké:qmﬁ ngmeu ciru,

S | v bai bdo Sof|"": 23,08 6.080.000
5.1 | Thit lao 01 thanh vién chink 08 1 3.800.000| 22 1,00 J——
Thanh - -

Nguyén Hiru Phuéc Trang vién 08 1 3.800.000 &2t 00 3.040.000
5.2 | Tha lao nkém 02 thanh vién 04 2 3.800.000 | 44 2,00 PSR
Trdn Thi Kim Héng vien = | %% 1 3.800000 | %2 L00 1.520.000
Trin Thj Ngoc Linh vin " bl 04 1 | 3.300.000 = 1,00 1.520.000
Thi lao ciia chii nhiém nhi¢m vy: ' [ 2,40 9.120.000

¢ | (TLav=1,0 x DMcx x 20% x T) ax 1 3.800.000 (=f%;)12
Th lao ciia thw ky khoa hoc: o : 2,40 2.736.000

7 | (TL1x = 0,3 x DMcw x 20% x T) 03 X 3.800.000 (=f%;) &
‘ TONG CONG - 16,80 37.696.000
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Muyc 1b: Bin tinh thi lao lao do@g-iphaniltheo v‘ten‘,fhinh vién tham gia nghién ciru , .

ng‘g | Dinh
théng | MECthd | . : '
| , | S6 | juy adi | a0 théng | Thanh | yg o on0
: H¢ | ngay ; ciiachi | - tién ®VT:
STT Ho va tén Chirc danh b | néu ciia ‘nhigm “@®VT: - (DVT:
B8 4] ‘c6) | ShE¥C | pMCN) | FVNB) VND)
7. | danh 3
: ®vT: | ®VT: |
| | thang) | VD)
3 22 -3 -4 5| -6 a7l 8 -9
1 Nguyén Hiru Phuéc Trang‘ ‘Chu i_xhiém - 1 0 3.800.000 5_,.'120.000
: > ; : - = > 24.320.000
, |NguyénHuuPhuée Trang Thathvién | 0,8 | 10| 5 |3.800.000 | 15.200.000 |
3 | Trin Thj Kim Hdng Thanh vién 0,4 | 88 4 3.800.000 | '6.080.000
4 Trén Thj Ngoc Linh T T 'I'I:Anh v;in o,g 66 3 3.800.000 f.sso.ooo 13.376.000
5 | Mai Thi Phuong Chi R ky khoa- | 5 0 |3.800.000 | 2.736.000 ~
Téng 264 12 - - 37.696.000 | 37.696.000
Muc 2 Chi sira chira, mua sim tii"-sin cb dinh: : ' : Khéng
Muc 3 Chi h§i thido khoa hgc, cOng tic phi: : : ; Khéng
Muc 4 Chi tra djch vy thué ngoai phyc vy hoat djng ng_hién ciru: s _ Khoéng
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Muc 5 Chi didu tra, khio st thu thap s& ligu: Khéng
Muc 6 Chi diéu tra, khdo st thu thap s6 liéu: - ~ Khong
M\ic 7 Chi vin phong phsxim, thong tin lién lac, in an:
Nguon kinh phi
: £ : : (ddng)
=5 : . Pon vi S6 s Tdng kinh -
TT N¢§i dung chi ‘tinh hrgng Do’n:glé phi ng ghi tir Neudn
y
- KHCN | khée
-1 -2 3 -4 5 | (6)=(9)x(5) -7 -8
Chi vin phong phim
(chi tiét)
A . Py
1 {){:aﬂ_‘“yet mimivadong S aivdn- e do 30400 |  304.000
" Téng cong 304.000
Muc8  Chi hop hi ddng dinh gis, nghi¢m thu cip co sé: = Khéng |
Muc9  Chi quén ly chung: : 2.000.000 ddng
Muc 10 Chi khac: ; . : " Khoéng
Pa Nang, ngay . thangef nam .,2!2.3 %
Chii nhi¢m a2 tai 5 :
(ky, ghi ho va tén)
Nguyén Hiru Phuéc Trang PGS. TS. Vo Trung Hung
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Mdu BM.02-QOT.01-KHCN

CONG HOA XA HQI CHU NGHIA VIET NAM
DPijc I§p - Ty do - Hanh phic

GIAY XAC NHAN PHOI HQP THY'C HIEN VA SU'DUNG SAN PHAM
SAU KHI HOAN THANH DE TAI CAP TRUONG

Kinh giri: - Khoa Cong nghé Hoa hoc Mon truong
Truomg Dai hoc Sur pham K§ thuat, Pai hoc Da Néng.

. 1.Tén aé tai:
Nghién ctru chiét xuét chét mau thuc phAm tyr nhién crocin tir qua danh danh
2. Chii nhig¢m a2 tai (Hp va tén, hoc vj):
TS. Nguyén Hitu Phuéc Trang :
3. Pon vj phoi hep thye hién va sir dung sdn phﬁm d@ tai sau khi hoan thanh:
Tén don vj: Khoa Cong nghé Héa hoc — Méi trudmg, Truong Dal hoc Su pham K thuft
Pia chi: 48 Cao Thing, Quén Hai Chéu, TP. Pa Ning
Pién thoai: 0912.924.254
a. Noi dung cong viée phéi hgp tham gia trong dé tai:
Khoa Cdng nghé Héa hoc — Méi trudmg hd trg thiét bi, dja diém thyc hién nghién ciru tai Phong
Thi nghi¢m Céng ngh¢ Thyc phdm i véi c4c thanh vién thyc hién dé tai nhdm dat dugc céc
san phdm dyr kién theo thuyét minh d2 tai. »
b. Cam két sir dung sén phém d2 tai sau khi hoan thanh:
Khi dé tai dugc duyét thyc hién, chiing tdi cam két s& phéi hop vdi chii nhigm dé tai dé
thyc hién @& tai va s& tiép nhén, sir dung san phém cuia d& tai sau khi hoan thanh.
. %N&l%, ngayethdng. 4 .ndm. 205

CHU NHIEM PE TAI PON V] PHOI HQP THUC HIEN

,‘ M VA SU DUNG SAN PHAM DE TAI

/

N%u%é\, 'Rxfn. M&« r@ﬂ—j/

// ~
(\%6\_/ V,/; fdcwa

K7~ THU TRUGNG PON V]

(ky va %hi rg Oi%/vgtﬁ‘n) ; :

B/ LTI it
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CONG HOA XA HQI CHU NGHIA VIET NAM
Djc lap - Tu do - Hanh phic

Ngay 24 thang 01 nim 2025
HQP PONG TRIEN KHAI THU'C HIEN
PE TAI KHOA HQC VA CONG NGHE CAP TRUONG
S6: 06/HD-KHCNCS-2024

- Cén ct BJ luét dan sy ngay 24 thang 11 nam 2015;

- Cén cr Luéat khoa hoc va cong nghé ngay 18 thang 6 ndm 2013;

- Cén cu Quyét dinh s6 1749/QP-TTg ngay 08 thang 11 ndm 2017 cia Thu tuéng Chinh
pht vé viéc thanh 14p Trudng Pai hoc Su pham K§ thust (PHSPKT) thuéc Pai hoc Da
Ning;

- Cin cir Thong tu s 03/2023/TT-BTC ngay 10 thang 01 nim 2023 ciia Bo trudng Bo Tai
chinh vé viéc quy dinh l4p du to4n, quan 1y sir dung va quyét ton kinh phi ngén sach
nha nudc thuc hién nhiém vu khoa hoc va cong nghé;

- Cin ctr Quyét dinh s 216/QD-DHSPKT ngay 09 thing 3 nim 2018 ciia Hiéu trudng
Truong Pai hoc Su pham Ky thust vé viéc ban hanh Quy dinh vé quan ly dé tai khoa
hoc va cong nghé cip co s& (cép Trudng) do Trudng Dai hoc Su pham K§ thudt quan

s d¥E

- Cin cir Quyét dinh s6 42/QD-PHSPKT ngay 21 thang 01 nim 2025 cia Hiéu truéng

Trudng Dai hoc Su pham Ky thust vé viéc phé duyét kinh phi va giao nhiém vu thuc

hién dé tai khoa hoc va cong nghé (KH&CN) cip Trudng;

Sau khi xem xét myc tiéu, nfi dung nghién ctru va sén phim khoa hoc ciia d2 tai
KH&CN (sau ddy goi tit 12 “dé tai"):

“Nghién ciru chiét xuit chit mau thu'c phim tr nhién crocin tir qua danh
danh.”

Ma sb: T2024-06-06.

Bén A: Tru'ong Pai hoc Sr pham Ky thuit

Dai dién: Ong Nguyen Lé¢ Hing  Chuc vu: Hiéu truong

Dia chi: 48 Cao Thang, Quén Hai Chéu, Thanh phd Da Ning

Dién thoai: 0236.3822571 Fax: 0236.3894884

S tai khoan: 3716.1.1055693.00000 tai Kho bac Nha nuéc Da Ning

2. Bén B: Ong (Ba): Nguyén Hiru Phuée Trang 12 Chu nhiém & tai

- 86 CCCD: 046186013175 ngay cép: 22/03/2022 noi cép: Cyc truéng cyc canh sét

Qurf;m ly Hanh chinh vé Trét tu Xa hoi. :
- S6 Tai khoan: 56110000490424 tai ngén hang BIDV CN Da Nang

- M3 s6 thué: 8122146970

- Pon vi: Khoa Cong nghé Héa hoc - M6i trudong, Trudng Pai hoc Su pham Ky
thuat, Pai hoc Pa Ning.

- Pién thoai: 0912924254 Email: nhptrang@ute.udn.vn

T2024-06-006. Nzuyén | liru Phudc Trang
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Va cdc thanh vién tham gia thuec hién dé tai theo th uyét minh duwgc duyét gém:

2.1. Bén B: Ong (Ba) Tran Thi Kim Hong 12 Thanh vién,

- 86 CCCD: 049188012238 ngdy cap: 26/01/2022 noi cip: Cuc canh sat Quan Iy Hanh
chinh vé trit tu x4 hoi. :

- S0 Tai khoan: 5610573389 tai ngén hang BIDV CN Da Néng

- Mi s6 thué: 8122146875

- Pon vi: Khoa Cdng nghé Héa hoc - Méi truémg, Truéng Dai hoc Su pham Ky thuat, Dai
hoc Di Ning

- Dién thoai: 0971813764 Email: ttkhong@ute.udn.vn

2.2. Bén B: f)ng (Ba) Tran Thi Ngoc Linh 1a Thanh vién

- So CCCD: 049184002359 ngay cép: 22/12/2024 noi cip: Bo ) Cong An

- 86 Tai khoan: 5610573398 tai ngén hang BIDV CN DPa Néng

- Mi s6 thué: 8619586183

- Bon vi: Khoa Céng nghé Hoéa hoc- Méi truong, Trudmg Pai hoc Su pham Ky thuét, Pai
hoc Da Ning

- Dién thoai: 0989300775 Email: ttnlinh@ute.udn.vn

2.3.Bén B: Ong (Ba) Mai Thi Phuong Chi la Thu ky aé tai

- So CCCD: 048184000649 ngay cép: 27/12/2024 noi cip: Bo ) Cong An

-8 Tai khoan: 5610270617 tai ngan hang BIDV CN Da Néng

- M s6 thué: 0400841889

- Bon vi: Khoa Cong nghé Héa hoc - Mdi trudmg, Trudmg Dai hoc Su pham Ky thuéat, Pai
hoc Da Ning

- Dién thoai: 0985501577 Email: mtpchi@ute.udn.vn

Cung thoa thuén va thong nhét ky két Hop ddng thuc hién dé tai KH&CN cip Trudng (sau
day goi tit 12 Hop d6ng) véi cac diéu khoan sau:

Piéu 1. Déi twong Hop dong

1. Bén A dit hing va Bén B nhén dit hang thuc hién dé tai KH&CN cép truong (sau dy
goi 12 dé tai) theo cdc ndi dung trong Thuyét minh dé tai da dugc phé duyét (sau day goi tit
~ 12 Thuyét minh). 7

2. Thuyét minh 12 bd phan khong téch réi ctia Hop dong.

3. N§i dung Thuyét minh c6 thé dugc diéu chinh bing vin ban ciia co quan c6 thim quyén
trén co s& su thong nhat cua hai Bén.

Piéu 2. Thi gian thuc hién Hop dong

1. Théi gian thuc hién dé tai la 12 thang, tir thang 01 nim 2025 dén thang 12 nam 2025.

2. Thoi gian thuc hién hop dong co the dugc diéu chinh theo thdi gian thuc hién dé tai bing
quyét dinh ciia co quan c6 thim quyén.

Piéu 3. Kinh phi dé tai:
1. Kinh phi thuc hién:

T2024-00-06. Nguvén | Phue Trang
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Téng cong: 40.000.000 ddng
Trong d6: : :

- Kinh phi tir nguon Khoa hoc cong nghé: 40.000.000 dong
+ Kinh phi khoén: 40.000.000 dong
+ Kinh phi khong giao khoén: 0 ddng
- Kinh phi tir c4c ngudn khic: 0 dong

2. Tam img va thanh quyét toén kinh phi

- Tam tmg dgt 1: Ngay sau khi ky két hop ddng, bén A s& tam {mg cho bén B t6i da 50%
gi4 tri hop dong khi c6 yéu ciu tam {mg ciia bén B.

- Tam tmg dot 2: Bén A céip tam tmg t0i da 40% tdng gié trj con lai cia hop ddng khi c6 dé
nghj ciia bén B va sau khi bén B phai hoin thanh hd so thanh toén t6i thiéu bing 50% mirc
kinh phi d3 tam émg céc dgt trude d6 trén co s d& tii duge dinh gid hoan thanh tién do
thyc hién dot 1. Bén A thyc hién thanh toén cho bén B theo diing quy dinh hién hanh, déng
thori thu hoi cho dén hét sé tidn 43 tam ung. S6 tién tam img dot 1 chua duge thu hoi thi s&
dugc thu hoi trong 14n thanh toén cudi cing.

- Thanh toén dgt cudi: Sau khi € ti dugc nghiém thu chinh thirc, bén B phai hoan thinh
va nép hd so thanh quyét toan kinh phi tht c cic ngudn ké tir ngdy két thiic nhiém vu theo
quyét dinh phé duyét nhi¢ém vu va hgp d6ng d3 ky két va trong pham vi nién d¢ tai chinh.
Bén A thanh ton hét gi4 tri con lai ciia hop ddng tir ngudn do bén A quén 1y theo diing quy
dinh hién hanh.

- Tity theo két qué thyrc hién hgp dong ma bén B chiju nhimg xir Iy tai chinh trong quy dinh
tai diéu 6 hop dong nay.

Piéu 4. Quyén va nghia vu ciia cic bén

1. Quyén va nghia vu ctia Bén A

a) Cung chp cac thong tin cin thiét cho viéc trién khai, thuc hién Hop dong;

b) B4 tri cho Bén B s6 kinh phi tir Truong PHSPKT, PHDN quy dinh tai Diéu 3 Hop dong
ndy theo tién 45 ké hoach, twong tmg vdi c4c ni dung nghién ciru dugc phé duyét;

c) Té chirc phé duyét ké hoach d4u thau, mua sim mady méc, thiét bi, nguyén vét liéu va
dich vu ciia 48 tai bing kinh phi do Bén A cép (néu c6) theo quy dinh;

d) Truéc mdi dot cp kinh phi, trén co sé b4o céo tinh hinh thyc hién dé tai ciia Bén B, Bén
A ciin ot vao san phim, khéi lugng céng viéc da hoan thanh theo Thuyét minh dé cép tiép
kinh phi thyc hién Hop dong. Bén A c6 quyén thay ddi tién d6 cip hoic ngimg cép kinh
phi néu Bén B khong hoan thanh céng viéc diing tién 49, ding ngi dung cong viéc dugc
giao;

d) Kiém tra dot xuét dé danh gi4 tinh hinh Bén B thyc hi¢n d tai theo Thuyét minh. Trudng
DHSPKT, DPHPN thyc hién kiém tra dinh ky dénh gié tinh hinh thyc hi¢n d€ tai theo quy
dinh hién hanh v& quén Iy dé tai khoa hoc va cong nghé cép Truong;

12024 Do-06, Nouven | Phues ez
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¢) Kip thoi xem xét, gidi quyét theo thdm quyén hojc trinh cép c6 thim quyén gidi quyét
kién nghi, d& xuit cia Bén B vé diu chinh nfi dung chuyén moén, kinh phi va cic vén dé
phét sinh khéc trong qué trinh thyc hién d2 tai;

g) T chirc d4nh gi4, nghiém thu két qua thyc hién dé tai ciia Bén B theo cic yéu cau, chi
tiéu trong Thuyét minh;

h) C6 trich nhiém ciing Bén B tién hanh thanh 1y Hop dong theo quy dinh hién hanh;

i) Phéi hop cling Bén B xir Iy tai sin dugc mua sém bing ngén sich Truong PHSPKT,
DHDN hoic dugc tao ra tir két qua nghién ciru ciia € tai st dung ngén sach Trudng
DHSPKT, DHDN (néu c6) theo quy dinh cia phap ludt;

k) Tiép nhén két qua thyc hién 2 tai, ban giao két qua thyc hién d& tai cho td chic d xuat
dit hang hodc td chirc trién khai umg dung sau khi dugc nghi¢m thu;

1) C6 tréch nhiém hudng din viéc tra tha lao cho téc gia néu c6 l¢i nhuan thu dugc tir viéc
“img dung két qua cla d& tai va théng béo cho tic gid viéc ban giao két qua thyc hién dé tai
(néu cd);

m) Uy quyén cho Bén B tién hanh diing ky bao hd quyén s& hiru tri tué d6i véi két qua thyc
hién d& tai (néu c6) theo quy dinh hién hanh;

n) Thye hién cic quyén va nghia vu khic theo quy dinh ciia Lust KH&CN va cic vin ban
lién quan.

2. Quyén va nghia vu cia Bén B

a) T chirc trién khai d3y du c4c ndi dung nghién ciru cia dé tai ddp tmg cic yéu clu chét
Iegng, tién 46 va chi tiéu theo Thuyét minh,;

b) Cam két thyc hién v ban giao san phim cudi ciing d4p tmg diy du céc tiéu chi d3 dugc
phé duyét;

¢) Pugc quyén tyr chy, ty quyét dinh viéc sir dung phan kinh phi dé thyc hién dé tai theo dur
toan kinh phi dé tai, dugc quyén ky két hop dong thué khoén chuyén mén véi céc thanh
vién tham gia thyc hi€n; va cac hgp dong khic gbm: mua vit tu, nguyén, nhién, vat li¢u,
sira chita, mua sim tai san c6 dinh, dich vy thué ngoai phuc vu nghién ciru, vin phong
phim, théng tin lién lac, in 4n c6 gia trj dudi 20 triéu dong;

d) Yéu ciu Bén A cung cép thong tin can thiét dé trién khai thyc hién Hop déng;

d) Kién nghi, 42 xuft diéu chinh cic ndi dung chuyén mén, kinh phi va thoi han thyuc hién
Hop ddng khi can thiét;

€) Yéu ciu Bén A cép di kinh phi theo ding tién 45 quy dinh trong Hop ddng khi hoan
thanh a3y di ndi dung cong vic theo tién d¢ cam két. Dam béo huy dong di ngudn kinh
phi khic theo cam két. Str dung kinh phi diing muc dich, diing ché d¢ hién hanh va c6 hiéu
qua;

g) Déi vdi cac hop ddng khic duge quy dinh tai diém c, khoan 2, Didu 4 hop ddng nay c6
gi4 trj tir 20 triéu tré lén: Chi nhiém dé tii xdy dung ké hoach mua sim dé giri Bén A phé
duyét va thyc hién mua sim theo quy dinh ciia phap luat;
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h) Chép hanh céc quy dinh phép lut trong qué trinh thyc hién Hop ddng. Tao diéu kién
thusn 1gi va cung cip dhy du thong tin cho cc co quan quan Iy trong viéc gidm sat, kiém
tra, thanh tra d5i véi d& tai theo quy dinh ciia phép lut;

i) Thye hién viéc tw d4nh gi4, nghiém thu c4p co s& theo quy dinh hién hanh khi két thic
42 tai. Sau khi d4nh gi4, nghiém thu cép co s& hoan chinh lai hé so theo két lusn cia Hoi
ddng dénh gi4 cip co so, Bén B ¢6 trich nhiém chuyén cho Bén A céc hd so 42 Bén A tién
hanh viéc danh gid, nghiém thu theo quy dinh;

k) C6 trach nhiém quén Iy tai san dugc mua sim bing ngan sich cia Truong PHSPKT,
DHDN hoic duge tao ra tir két qua nghién ciu cia d& tai sir dung ngén sach Truong
DHSPKT, DHDN (néu c6). Chu nhiém dé tai c6 trach nhiém ban giao tii sin dwgc mua
sém béng ngan séch Truong PHSPKT, DHPN hoiic dugc tao ra tir két qua nghién ciru clia
d2 tai cho co quan chu quan d€ tai d quan Iy va sir dyng.

I) C6 trach nhiém ciing Bén A tién hanh thanh Iy Hgp dong theo quy dinh;

m) Thuec hién viéc ding ky bao hd quyén s& hiru tri tué theo iy quyen ciia Bén A d6i véi
két qua nghién ciru (néu c6);

n) Chi nhiém d& tai giao ndp két qua thyc hién d€ tai cho bd phén hru git"x thong tin cla co
quan chi quén @ tai. Co quan chi quin d& tai x4c nhén viéc giao nop két qua thyc hxq:n aé
tai cho chii nhiém dé tai.

0) Céc san phim khoa hoc cdng b dugc tinh khi ¢6 15 ghi nhan Truong PHSPKT, PHDN,
cu thé nhu sau:

+ Dbi véi bai bao khoa hoc viét bing tiéng Anh: “This research is funded by The
University of Danang - University of Technology and Education under project number
T2024-06-06";

+ D4i véi bai bao khoa hoc viét bing tiéng Viét: “Nghién ciru ndy duoc tii tro
béi Trudng Dai hoc Su pham K§ thuét, Dai hoc Pa Ning trong 2 tai c6 ma s6 T2024-
06-06’;

Dbi vé6i sin phﬁm khoa hoc c6 16 ghi nhan Truong PHSPKT, PHDN va céac ngudn
kinh phi trong nuéc khic, Truong DPHSPKT, DPHDN sé tinh mic d¢ hoan thanh cua san
phim &6 nhv sau: Phén cdng trinh dugc tinh cho san phim d& tai nay dugc chia theo ty 1¢
d6ng g6p clia mbi ngudn kinh phi thyre hién. Trong trudng hop khéng x4c dinh duge cy thé
ty 1& d6ng gop ciia mbi ngudn kinh phi thi phin cong trinh dwgc tinh cho sin phim dé tai
ndy s& bing mét (01) chia cho s6 ngudn kinh phi trong nuéc. Tong sb phan cic cong trinh
dugc tinh phai dap img yéu cu vé s lugng theo thuyét minh d tai da phé duyét.

Thoi | gian thyc hién san phim ciia d& tai phai duoc trién khai trong khoang thoi gian
thye hién aé tai.

p) Chii nhiém & tai cling vdi céc c4 nhén tryc tiép sang tao ra két qua nghién ciru khoa hoc
va phit trién cong nghé dugc dimg tén tic gia trong d& tai va hudng quyén tic gia bao gdm
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ca cac lgi ich thu dugce (néu c6) tir viéc khai thac thucng mai céc két qua thyc hi¢n a8 tai
theo quy dinh phép ludt va c4c théa thudin khéc (néu co);

q) C6 trich nhiém tryc tiép hodc tham gia trién khai tmg dung két qué nghién ciru khoa hoc
va phit trién cong nghé theo yéu ciu clia Bén A hoic td chirc, c4 nhan dugc Bén A giao
quyén s§ hit, sir dung két qua thyc hién 42 tai;

r) Thyc hién bio mét céc két qua thyc hién d& tai theo quy dinh vé béo vé bi mat clia nha
nudc;

s) Thyc hién cic quyén va nghia vu khic theo quy dinh Lut KH&CN va c4c vin ban lién
quan.

Piéu 5. Cham dirt Hop dong

Hop ddng niy chim ditt trong céc trudmg hop sau:

1. Dé tai da két thic va dugc nghiém thu.

2. Bén B bj chém dit hop dong thyc hién @& tii khi c6 @ nghj thanh Iy Hop ddng ctia Hoi
ddng thanh ly & tai cép Trudng.

Piéu 6. Xir Iy tai chinh khi chim dirt Hgp ddng

1. D6i véi @ tai 43 két thic va dugc nghiém thu:

a) Dé tai da két thic va danh gi nghiém thu tir mirc “Dat” tré 1én thi Bén A thanh toan diy
du kinh phi cho Bén B theo quy dinh tai Hop dong ny.

b) Dé tai d4 két thic, nhung nghiém thu mirc “khong dat” thi Bén A xem xét, quyét toan
kinh phi cho Bén B trén co s& két luin ciia Hji ddng d4nh gi vé nguyén nhan, trach nhi¢m
va nhitmg néi dung cong viéc ma Bén B di thyc hién c6 san phim thyc té dugc d4nh gis.
Bén B ¢4 trach nhiém hoan tré toan b sb kinh phi ngén sach nha nuéc 43 cip nhung chura
st dung. Déi véi khoén kinh phi d sir dung dugc 4p dung xir Iy d6i véi tnromg hop dé tai
khéng hoan thinh dugc quy dinh tai Diéu 16 Thong tu lién tich s6 27/2015/TTLT-BKHCN-
BTC ngay 30/12/2015 cia By Khoa hoc va Cong ngh¢ - B§ Tai chinh quy dinh khoén chi
thyuc hién nhiém vy khoa hoc va cong ngh¢ sir dung ngén sach Nha nudc.

2. Déi véi 88 tai chAm dirt khi c6 cin cir khing dinh khong con nhu cau thyc hién:

a) Truomg hop D& tai chAm dirt khi c6 cin i khing dinh khéng con nhu ciu thyc hién thi
hai bén cing nhau xc dinh khéi lugng cdng viéc Bén B da thyc hién & lam cén cir thanh
toén s8 kinh phi Bén B ¢4 sir dung nhim thyc hién € tai va thu hdi sé kinh phi con lai da
cép cho Bén B.

b) Trurng hop hai bén théa thuin ky Hop dong méi dé thay thé va két qua nghién ciru cia
Hop dong cii 12 mdt b phan ciu thanh két qua nghién ciru ciia Hop déng méi thi sb kinh
phi d c4p cho Hop ddng cii dugc tinh vio kinh phi cp cho Hop dong méi va dugc tiép tuc
thyrc hién véi Hop ddng méi.
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3, Dbi véi D2 tai bj dinh chi theo quyét dinh ciia co quan ¢6 thim quyén hogc Hop ddng bi
_chim dit do Bén B khéng ndp hd so dé dénh gif, nghiém thu D2 tii theo quy dinh phép
lugt thi Bén A s& tién hanh thi tyc thanh Iy d2 tdi theo quy djnh.
4. D6i v6i DR tai khéng hoan thanh do 13 ciia Bén A din dén vigc chAm dit Hop ddng thi
Bén B khong phai bdi hoan s6 kinh phi da sir dyng 44 thyc hién D2 tai, nhung vén phai thyc
hién vi€c quyét toén kinh phi theo quy djnh cia phép lujt. - '
Diéu 7. Gia hgn d8 tai
 Trong trrdng hop Chil nhi¢m chwra hoén thanh céc ni dung nghién ciru va c6 d& xufit xin
gia han thi gian thyc hién, Hop ddng tw djng gia han thém téi da 6 thing theo quy dinh
(dén thang 6/2026) trén co s& béo céo dinh ki tinh hinh thyc hign d2 tai va két lufn cia don
vj ch tri.
Piu 8. Xir Ij tai san khi chdm dirt Hgp ddng
1. Khi chém dit Hop ddng, viéc xir 1y tai san duge mua sém hoic dugc hinh thanh béng
ngén sich Trudmg PHSPKT, PHDN cép cho 82 tai dvgc thirc Hi¢n theo quy dinh phép lujt.
2. Céc san phAm vat chét cia DA tdi sir dyng ngén séch Trudmg PHSPKT, DHPN: ngudn
i thu khi céc sin phim nay dugc tiéu thy trén thj tredng sau khi trir cic khoan chi phi cin
thiét, hgp 1&, dugc phan chia theo quy dinh phép lujt.
Piéu 9. Piéu khodn chung A
1. Trong qui trinh thyc hién Hyp ddng, néu mét trong hai bén c6 yéu cu sira d6i, bd sung
nfi dung hojc ¢6 cin cir dé chdm dit thyc hign Hop dong thi phai théng béo cho bén kia it
nhit 13 15 ngay 1am viéc truéc khi tién hanh sira d3i, bd sung hogic chAm dit thyc hién Hop
ddng, x4c dinh tréch nhiém cia m&i bén va hinh thirc xir 1. Céc sira d6i, bd sung (néu cb)
phai 18p thanh vin ban c6 dAy di chir ky cia céc bén va dugc coi 12 bd phan ciia Hop ddng
va 12 ciin cif d¢ nghigm thu két qué ciia 48 tai.
2. Khi m{t trong hai bén gjp phai tnromg hgp bét kha khéng dén dén viéc khong thé hogc
cham thyc hién nghia vy d4 thoa thufin trong Hop ddng thi ¢6 trach nhiém théng béo cho
Bén kia trong 10 ngdy 1am viéc ké tir ngay xay ra syr kién bat kha khéng. Hai bén c6 trich
nhiém phéi hgp x4c djnh nguyén nhén va bio céo co quan quén Iy nha nwéc c6 thdm quyén
dé giai quyét theo quy dinh ciia phép luat.
3. Hai bén cam két thyc hi¢n ding céc quy dinh ciia Hop ddng va c6 trach nhiém hgp tic
gidi quyét céc vuéng méc phat sinh trong qué trinh thyc hién. Bén vi pham cdc cam két
. trong Hop ddng phéi chju trdch nhiém theo quy dinh phép luat.
4. Moi tranh chép phat sinh trong qué trinh thyc hién Hop ddng do céc bén thwong lrgng
hoa giai dé gi4i quyét. Trromg hop khéng hoa gidi dugc thi mdt trong hai bén c6 quyén dua
tranh chép ra dé giai quyét theo quy dinh ciia phap lujt.
5. Hop d0ng ty dong thanh Iy khi hai bén hoan thanh nghia vy theo hgp ddng da dugc ky
két. Trong trubmg hp thanh I € tii (néu c6), bén B hoin tré s6 tién di dugc Hoi ddng
thanh 1y dé tai ket ludn trong ndi dung ciia Bién ban hop h¢i ddng thanh Iy d¢ tai. Bén B
7
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thye hién viéc hoan trd bing hinh thirc chuyén khoan vao tai khodn sau déy cia Trubng Pai
hoc Su pham K§ thw trong thdi han 30 ngéy k& tix ngay hop h¢i déng thanh ly d& tai, chi
tiét thong tin nh sau:
-  Tén tdi khodn: an(‘mg DPai hoc Su pham K§ thuét.

‘ - Sbtaikhoin: 56110001076650 tai Ngén hang BIDV chi nhanh ba Ning.

Didu 10, Higu Iyrc ciia Hop ddng
Hop ddng ndy c6 hiéu lyc tir ngay ky. Hop ddng ndy dugc 14p thanh 06 ban (01 bén gdcva
05 bén chinh) va cé gié trj nhu nhau, Bén A glﬁ 02 béan, Bén B gifr 04 ban c6 gié trj phap
ly nhuw nhau.
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Study on ultrasonic extraction conditions of crocin pigment
from Gardenia jasminoides Ellis and optimization
using response surface methodology

Trang Nguyen Huu Phuoc’, Hong Tran Thi Kim, Linh Tran Thi Ngoc and Chi Mai Thi Phuong

Department of Chemical Engineering — Environment, University of Technology and Education, University of Da Nang, Vietnam

Abstract

Crocin is a glycosyl ester of crocetin acid and is classified as a water-soluble carotenoid. It is abundant in Gardenia jasminoides (Ellis
GJE) GJE is a natural ingredient widely used to impart an orange-yellow hue to traditional Vietnamese products such as cakes, jelly,
and fish sauce. Crocin, a key bioactive compound in Gardenia, has been used in medicine for its antioxidant, anticancer, and
memory-enhancing properties. In this study, we introduced an effective strategy for the extraction of crocin pigments derived from
Gardenia. The pretreatment of Gardenia is crucial in the extraction process, with the most effective method involving freeze-drying
Gardenia followed by grinding with liquid nitrogen to enhance the extraction efficiency. Second, this study focused on optimizing crocin
extraction using ultrasound-assisted methods by evaluating key parameters, including ultrasonic amplitude, extraction time, material-
to-solvent ratio, and solvent concentration. The crocin content reached 95.04+0.81 mg - g 'dw. Finally, the optimal ultrasound-assisted
extraction conditions were determined using response surface methodology, ensuring the maximum extraction efficiency of crocin
(ultrasonic amplitude (60.41%), extraction time (5.95 min), solvent concentration (41.48%), and material/solvent ratio (2.7 g/100 mL).
The maximum concentration of crocin from Gardenia was determined to be 97.05+1.00 mg - g 'dw.

Keywords: Gardenia jasminoides Ellis, Crocin, Freeze-dried, Ultrasonic extraction, Response surface methodology

Introduction

Crocin, a type of water-soluble carotenoid pigment, primarily
consists of monoglycosyl, diglycosyl, or triglycosyl polyene esters of
crocetin (Alavizadeh & Hosseinzadeh, 2014). Crocin exhibits multiple
pharmacological effects on the nervous system, including anxiolytic
properties, antidepressant activity, and improvements in learning and
memory (Ghadrdoost et al., 2011; Hosseinzadeh et al., 2012). Recent
studies have also highlighted its potential in treating atherosclerosis,
hyperlipidemia, and various other cardiovascular-related disorders (Liu
& Qian, 2005; Xu et al., 2006).

Gardenia jasminoides Ellis has been extensively utilized as a

natural colorant medicine, where it is recognized for its hemostatic,

anti-inflammatory, analgesic, and antipyretic properties. The major
constituents of this fruit include crocin, which is responsible for its
strong coloring properties due to its high water solubility. As a
result, gardenia fruit is extensively utilized as a natural coloring
agent in the food industry (Lee et al., 2005). Extraction serves as
a crucial initial step in isolating various bioactive compounds from
Gardenia, enabling their potential applications in different industries
(Chen et al., 2009).

Ultrasound-assisted extraction (UAE) has been extensively
utilized for extracting proteins, bioactive compounds, and other
valuable components from various food sources. Moreover, UAE
enhances the efficiency of bioactive compound extraction by

promoting the disruption of plant cell wall structures through
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acoustic cavitation, thereby facilitating the release of intracellular
constituents (Liu et al., 2022). According to previous studies, UAE
enables the rapid extraction of bioactive compounds while operating
at lower temperatures, resulting in reduced energy consumption and
minimal solvent usage. As a non-thermal extraction technique, UAE
is particularly effective in preserving the functionality of bioactive
compounds, especially natural pigments. However, key extraction
parameters, including ultrasonic amplitude, extraction time, solvent
type, and liquid-to-solid ratio, must be thoroughly investigated and
optimized for each specific product to achieve maximum extraction
efficiency (Kumar et al., 2021).

Response Surface Methodology (RSM) is a comprehensive
mathematical and statistical approach used for empirical modeling
and optimization, allowing the evaluation of interactions between
multiple independent variables that influence a dependent variable
or response (Nguyen et al., 2020). The optimization of crocin
extraction conditions using ultrasound has been widely studied,
demonstrating significant advantages in enhancing extraction
efficiency and yield (Nguyen et al., 2022).

In this study, raw material pretreatment was performed using
convection drying, freeze-drying, coarse grinding, and liquid nitro-
gen grinding. Based on the obtained results, UAE conditions were
applied to pretreated Gardenia materials to maximize crocin yield.
Key extraction parameters, including extraction time, temperature,
ultrasonic amplitude, and solvent-to-material ratio, were inves-
tigated and optimized. The primary objective of this study was to
maximize crocin pigment extraction using UAE following various

drying and grinding pretreatment techniques.

Materials and Methods

Raw materials

Gardenia fruit was collected in January 2024 from Quang Nam
province, Vietnam. The fruits were first sorted and peeled. Sub-
sequently, one portion of the material was dried using a convection
dryer (CD) at 70T for 24 h (Nguyen et al., 2022), while another
portion was freeze-dried (FD) at 45T for 24 h. Finally, the dried
samples were processed using two different comminution methods:
(1) coarse grinding with a grinder and (2) homogenization in liquid

nitrogen (Nguyen et al., 2020).

Extraction procedures for crocin using the
ultrasound—-assisted method

UAE was conducted using a VC 750 ultrasonic processor (Sonics
& Materials, Inc., Newtown, CT, USA) operating at a frequency of
20 kHz+50 Hz with an output power of 750 W. A 1 g portion of
Gardenia powder was placed into the extraction vessel and mixed
with an appropriate volume of extraction solvent (100 mL). Ultra-
sound-assisted extraction was conducted at 50% amplitude for 6
min (Nguyen et al., 2022). Following ultrasonic treatment, the
extracts were subjected to vacuum filtration and subsequently
centrifuged at 6,000 rpm for 15 min (Samy et al., 2017). The
resulting crude extracts (CE) were then collected and stored for

quantification of crocin.

Crocin determination

Crocin yield was determined by UV-Vis spectrophotometry at

CD1 FD1

CD2 FD2

Fig. 1. Pretreatment of materials: CD1: convection drying followed by coarse grinding; FD1: freeze—drying followed by coarse grinding; CD2: convection
drying followed by liquid nitrogen grinding; FD2: freeze—drying followed by liquid nitrogen grinding.
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440 nm wavelength (Nguyen et al., 2022).

_ AMV.F
g = 2
e.l

)
where:

a is the crocin yield,

A is the absorbance value measured at 440 nm;

F is the dilution;

M is the molar mass of crocin (M = 977 g/mol);

[ is the optical path length of the pigment layer (I cm);

€ is the molar extinction coefficient of crocin = 89.000 L/ (cm - mol).

Experimental design and evaluation

After investigating the factors affecting the crocin extraction
process, the pigment content was optimized using the response surface
methodology (RSM). The optimization included ultrasonic amplitude
(50-70%), extraction time (4-8 min), solvent concentration (20-60%),
and material-to-solvent ratio (2 g/100 mL to 4 g/100 mL) in the FD2
sample.

In this study, a three-level, four-factor Box—Behnken Design
(BBD) was applied to determine the optimal combination of
variables for crocin extraction from FD2. A total of 54 experiments
were conducted and designed, including six central points. The
factors were systematically varied at high and low levels.
Additionally, the medium levels of all four factors were used to
assess the linear relationship between the high and low levels of
the tested variables (Table 1). In this method, the measured
response variable was the crocin concentration. The software
Statgraphics Centurion XVI and the ANOVA procedure (p<0.05)
were utilized in this study.

Results and Discussion

Effect of different raw material pretreatment
methods on crocin extraction yield

Pretreatment plays a crucial role in improving extraction effi-
ciency by modifying the physical and chemical properties of solid
samples. Among various pretreatment methods, freezing and drying
are widely acknowledged as thermophysical techniques that can be

effectively applied to solid matrices to extraction. These methods

https://doi.org/10.13050/foodengprog.2025.29.3.155

Table 1. Levels of factors and coding in the BBD experimental design

Coding level
Factor
-1 0 1
Ultrasonic amplitude (%) 50 60 70
Extraction time (min) 4 6 8
Solvent concentration (%) 40 60 80
Material-to-solvent ratio (g/100 mL) 2 3 4

enhance the structural integrity of the material, thereby improving
the overall yield and quality of extracted compounds (Phalla et al.,
2022). This study investigated various pretreatment techniques to
improve the efficiency and yield of crocin pigment extraction from
gardenia fruit. The applied methods included convector drying and
freeze-drying, followed by grinding, employing both coarse grinding
and liquid nitrogen-assisted grinding. The impact of these pretreat-
ment techniques on the yield and efficiency of crocin extraction was
systematically evaluated, as illustrated in Fig. 2.

According to the Fig. 2, the results present the crocin yield in
Gardenia fruit extracted under various pretreatment conditions. The
findings demonstrate that pretreatment methods significantly affected
crocin accumulation during ultrasonic extraction, emphasizing their
crucial role in maximizing pigment recovery.

The quantities of crocin extracted with CD ranged from
33.55+0.51 mg - g'dw to 55.33+0.54 mg - g 'dw, while with FD

=]
=]

CD1 1FD1 [ CD2 1 FD2

Crocin yield (mg.g - 1dw)
[=2)
[=]

&
S

20

Raw material pretreatment method

Fig. 2. Effect of different raw material pretreatment methods on crocin
extraction yield: CD1: convection dryer and coarse grinding; FD1: freeze—
dried and coarse grinding; CD2: convection dryer and liquid nitrogen grin—
ding; FD2: freeze—dried and liquid nitrogen grinding. Data are expressed
as the mean+SD (n=3). Significantly different results with £{0.05 are
indicated by () for each pretreatment material.
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they changed from 41.92+0.43 mg - g'dw to 62.23+0.50 mg - g 'dw.
After verifying ANOVA (p<0.05) showed that there is a significant
difference between the pretreatment methods, the highest crocin
extraction yield (62.32+0.50 mg - g 'dw) was obtained from the
freeze-dried sample, followed by grinding with liquid nitrogen
(p<0.05), indicating the effectiveness of this pretreatment combi-
nation in enhancing crocin recovery.

The impact of freeze-drying on Gardenia fruit showed that
freeze-dried samples are more extractable, particularly when ground
in liquid nitrogen to reduce particle size. Freeze-dried materials have
been widely utilized in numerous studies on extraction, the extraction
of bioactive compounds (Kunal et al., 2015; Sun et al., 2015; Oprica
et al., 2019; Krakowska-Sieprawska et al., 2022), leading to the
conclusion that they can enhance the extraction process. There are
significant differences between freeze-drying and conventional
drying, making freeze-drying a more effective method for sample
preparation. The convective drying method often exposes the product
to high temperatures, causing chemical and physical alterations. This
is particularly crucial for delicate plant extracts, where such changes
can significantly impact the final product’s quality. The primary
distinctions lie in the water removal mechanism, the extent of
dehydration—freeze-drying removes up to 98% of water, whereas
conventional drying eliminates only 70-80% and nutrient retention,
with freeze-dried products preserving substantially higher levels of
vitamins and overall nutritional value compared to those dried by
convective drying (Jiang et al., 2019; Oprica et al., 2019; Elshaafi
et al., 2020; Krakowska-Sieprawska et al., 2022). Moreover,
cryogenic grinding is an innovative technique developed to maintain
the integrity of volatile and heat-sensitive compounds in various
materials. By utilizing ultra-low temperatures, approximately ~196C,
this process enables extreme particle size reduction, thereby
enhancing extraction efficiency (Hemery et al., 2011; Balbino et al.,
2019). Consequently, the pretreatment of materials plays a crucial
role in influencing both the extraction efficiency and the recovery of
crocin yield from gardenia fruit. In the following experiments, the
FD2 sample was utilized to investigate the factors influencing

extraction and to optimize the process in the following study.

Effect of extraction conditions on crocin yield

Extraction conditions play a crucial role in determining the yield

of crocin from gardenia fruit. Several factors significantly impact the
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crocin content. After reviewing previous studies, we surveyed the
following influencing factors: concentration of solvent (ethanol: H,O;
from 20:80 to 80:20, v:v), material/solvent ratio (from 1 g/100 mL
to 5 g/100 mL), ultrasonic amplitude (from 40 to 80%), and extrac-
tion time (from 2 to 10 min) (Nguyen & Pham, 2016; Yingpeng et
al., 2018). The results of each experiment are presented in Fig. 3.

According to Fig. 3, the values indicate that the highest crocin
extraction yield was achieved using an ethanol-water solvent system
at a volume ratio (viv) of 40:60 (88.04£0.45 mg - g'dw), with a
Guardenia raw material ratio of 3 g/100 mL of solvent (88.45+0.68
mg - g'dw), an ultrasonic amplitude of 60% (94.95£0.91 mg - g'dw),
and an extraction time of 6 min (95.04+0.81 mg - g"'dw), respectively.

The structure of crocin comprises two distinct components: a
hydrophilic glycosyl group and a hydrophobic polyene segment
derived from crocetin acid. This unique composition allows crocin
to dissolve effectively in a solvent system containing both water and
alcohol. However, an excessive amount of water may hinder the
solubility of the hydrophobic part, whereas an excessive amount of
alcohol may reduce the solubility of the hydrophilic part (Shi et al.,
2016; Nguyen et al., 2022). In addition, the extraction efficiency of
crocin increases as the raw material ratio increases. However, when
the mass ratio of the sample continues to rise, the contact surface
area between the raw material and the solvent decreases, or the
amount of solvent may become insufficient to dissolve the pigment
compounds in the raw material, ultimately resulting in a decline in
extraction efficiency (Nguyen et al., 2022). The ultrasonic method
enhances the extraction efficiency of crocin pigment, with the
highest crocin content observed at an ultrasonic amplitude of 60%.
However, when the intensity is increased to 80%, the crocin content
decreases. This decline is attributed to the excessive ultrasonic
amplitude, which induces the breakdown and decomposition of
some fused crocin pigments. Higher ultrasonic amplitude also leads
to increased heat generation, further contributing to pigment
degradation (Wang et al., 2012; Kutlu et al., 2022; Lipeng et al.,
2023). Extraction time is influenced by factors such as the type of
raw materials, the solvent used, and the ultrasonic amplitude.
Generally, a longer extraction time enhances efficiency. However,
beyond a certain threshold, further extending the extraction time
does not improve efficiency and may alter the pigment structure or
extract unwanted compounds that affect color quality. If the

ultrasound duration is too short, the solvent may not sufficiently
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penetrate the cells to dissolve crocin, resulting in low extraction
efficiency. Conversely, if the ultrasound time is excessively prolon-
ged, crocin may undergo oxidation, negatively impacting the extrac-
tion yield (Naczk & Shahidi, 2004; Silva et al., 2007; Xin-Sheng
et al., 2012). To achieve a high crocin content, we further investi-
gated and optimized the aforementioned factors to enhance the

extraction efficiency of this pigment.

Optimization of crocin extraction using response
surface methodology (RSM)
Experimental design

The experimental design levels of the independent variables used

in the extraction of FD2 are presented in Table 1. The responses,
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represented by crocin yield, obtained for each experiment are
summarized in Table 2.

From the results in Table 2, it is evident that in experiment No. 38,
the crocin content reached its highest value. This was achieved with
a raw material-to-solvent ratio of 3 g/100 mL, a solvent concentration
of 40%, an ultrasonic amplitude of 60%, and an ultrasound time of 6
min, yielding a maximum crocin content of 96.51 mg - g 'dw. Conver-
sely, in experiment No. 36, with a raw material-to-solvent ratio of 3
2/100 mL, a solvent concentration of 20%, an ultrasonic amplitude of
70%, and an ultrasound time of 6 min, the crocin content reached its
lowest value of 54.86 mg - g 'dw. At the central points, where the raw
material-to-solvent ratio was 3 g/100 mL, the solvent concentration was
40%, the ultrasonic amplitude was 60%, and the ultrasound time was
6 min, the crocin content ranged from 93.70 to 96.51 mg - g'dw.
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Table 2. Extraction conditions and responses for crocin contents obtained
for the BBD

Raw material ~ Solvent Ultrasonic  Extraction Crocin
No. ratio concentration amplitude time yield
(@100 mL) (%) (%) (min)  (mg - g'dw)
1 2 60 60 6 80.94
2 2 40 50 6 72.00
3 2 40 60 8 77.85
4 2 20 60 6 68.52
5 2 40 60 4 79.62
6 2 40 70 6 82.62
7 2 60 60 6 79.76
8 2 40 50 6 72.08
9 2 40 60 8 77.53
10 2 20 60 6 69.69
" 2 40 60 4 78.61
12 2 40 70 6 82.29
13 3 40 60 6 95.58
14 3 60 50 6 67.32
15 3 60 60 8 65.80
16 3 60 60 4 64.75
17 3 40 50 4 63.05
18 3 40 70 8 59.28
19 3 40 70 4 60.54
20 3 40 60 6 93.70
21 3 20 70 6 62.52
22 3 60 70 6 71.17
23 3 40 60 6 95.77
24 3 20 60 4 70.01
25 3 40 50 8 56.45
26 3 20 60 8 68.54
27 3 20 50 6 71.37
28 3 40 60 6 94.53
29 3 60 50 6 66.52
30 3 60 60 8 66.82
31 3 60 60 4 66.69
32 3 40 50 4 63.47
33 3 40 70 8 60.38
34 3 40 70 4 61.91
35 3 40 60 6 94.18
36 3 20 70 6 54.86
37 3 60 70 6 71.56
38 3 40 60 6 96.51
39 3 20 60 4 70.75
40 3 40 50 8 57.30
41 3 20 60 8 69.93
42 3 20 50 6 71.98
43 4 20 60 6 69.03
44 4 60 60 6 67.04
45 4 40 70 6 71.89
46 4 40 60 4 65.68
47 4 40 50 6 70.01
48 4 40 60 8 68.80
49 4 20 60 6 70.61
50 4 60 60 6 68.54
51 4 40 70 6 71.71
52 4 40 60 4 65.93
53 4 40 50 6 70.33
54 4 40 60 8 69.50
160

Response surface methodology

After obtaining the responses from each experiment (Table 2),
response surface analysis was conducted within the experimental
design investigated. Based on the responses and the effects of the
independent variables on the estimates, the optimal conditions for
crocin extraction and yield are summarized in Table 3. Three- dimen-
sional graphs illustrating the influence of these parameters on the
overall desirability of crocin concentration are presented in Fig. 4: (A)
Solvent concentration/raw material ratio; (B) ultrasonic amplitude/raw
material ratio; (C) Solvent concentration/extraction time. The convex
shape of the graphs suggests that the optimal conditions for crocin
extraction were identified with a high desirability value of 91%.

Under these optimized conditions, the highest crocin yield
obtained was approximately 95.65 mg - g 'dw, when the independent
variables were set at 2.7 g/100 mL (raw material ratio), 5.95 min
(extraction time), 60.41% (ultrasonic amplitude) and 41.48% (solvent
concentration).

The extraction yield values of crocin obtained throughout the study
are presented and summarized in Table 3. After optimization using
RSM, the crocin extraction yield increased by 2.01 mg - g 'dw com-
pared to the yield obtained without optimization. However, the raw
material ratio significantly decreased to 2.7 g/100 mL from 3 g/100 mL.

With the aid of response surface methodology, the maximum
desirability (D) was determined to be 91%, suggesting that the
model could predict 91% of the response variability. According to
the study by Nguyen et al. (2022), the desirability for crocin yield
from Gardenia jasminoides Ellis through soaking was determined
to be 92.94% using RSM (Nguyen et al., 2022). Similarly, Sarfarazi
et al. (2022) desmonstrated that maximum desirability for crocin
extraction from Saffron using UAE was calculated to be 95%. In
the present study, the high desirability (D) reflects a highly reliable
result, attributed to the cumulative effects of all the analyzed
factors. Each parameter had a distinct influence on the obtained
responses, with their interactions playing a crucial role not only in
the ultrasound process but also in the extraction. These interactions
were optimized to achieve the highest yield of crocin.

The results of this study are summarized and presented in Table
3. RSM further confirmed that ultrasound enhanced crocin yield from
freeze-dried Gardenia and grinding with liquid nitrogen. The
application of RSM demonstrated the feasibility and reproducibility of

this process, emphasizing the necessity of conducting similar
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Table 3. Summary of the results for crocin extraction yield without opti—
mization and optimization from FD2

Optimization
Without =
optimization Prediction After
values optimization
Raw material ratio
(9/100 mL) 3 2.70 2.70
Time (min) 6 5.95 5.95
Solvent
concentration (%) 40 41.48 41.48
Ultrasonic
amplitude (%) 60 60.41 60.41
rocin yield 95.04+0.81 95.65 97.05+0.63
(mg - g'dw)

The meanz+standard deviation was obtained within five replicates.

investigations for each material studied. After optimization using
RSM, the crocin extraction yield improved compared to the yield
obtained without optimization, while the raw material ratio signifi-
cantly decreased (2.7 g/100 mL instead of 3.0 g/100 mL). It can

https://doi.org/10.13050/foodengprog.2025.29.3.155

contribute to reducing material costs and enhancing economic
efficiency. According to the literature, crocin values for Gardenia
Jasminoides Ellis range from 10.08 to 36.97 mg - g'dw (He et al,
2006; Huang et al., 2022) with reported values of 4 and 20 mg - g'dw
in some cases (Nguyen et al., 2022). For saffion, the crocin yields
range from 178.06% to 270.65% (Mostapha et al., 2024). In our study,
crocin yields varied from 33.55 mg - g'dw to 97.05 mg - g'dw,
depending on the material pretreatment and extraction conditions.
Therefore, this study highlights the impact of different pretreatment
methods on crocin extraction and provides valuable insights into the

ultrasonic extraction yields of crocin from Gardenia jasminoides.

Conclusion

This study highlights the effectiveness of material pretreatment and
ultrasound-assisted extraction for optimizing crocin extraction from

Gardenia jasminoides. In the initial phase, freeze-drying was identified
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as the most effective pretreatment technique, while subsequent grinding
with liquid nitrogen further enhanced concentration.

The application of response surface methodology enabled the
identification of key factors influencing the extraction process at
various levels. A strong correlation between predicted and
experimental results validated the accuracy and reliability of this
model in optimizing crocin production from Gardenia. The opti-
mized process significantly improved crocin extraction yield,
achieving the highest values previously reported for this material.

The crocin-rich extracts obtained through this method have
promising applications in various human-centered industries, in-
cluding medicine, cosmetics, and food production. However, further
research is needed to enhance the quality of the extract through
purification techniques such as chromatography or Afiltration.
Additionally, future studies should focus on assessing the thermal

stability of crocin and its bioactive compounds.
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MINH CHUNG SAN PHAM UNG DUNG

MAu san phim chit mau chiét xuit tir qua danh danh

Hinh anh mAu san phdm chat mau trong binh dung dung tich 100 ml



TRUONG PAI HOC SU PHAM KY THUAT
KHOA CONG NGHE HOA HQC - MOI TRUONG
NGANH: KY THUAT THUC PHAM

Bai giang thi nghiém

Thi nghiém Phu gia thuc pham

(Luu hanh noi bo)

Bién soan: ThS. Tran Thi Ngoc Linh
TS. Nguyén Hiru Phudc Trang

Pa Nang, 07/2025



MUC LUC BAI THU'C HANH SO 4

L1 GO HIGU. ..o
1.2. Muc dich thi nghiém
1.3. Chi tiéu khao st
1.4. Tién hanh
1.5. Két qua
1.6. Cau hoi



PHU GIA TAO MAU
(BAI THUC HANH SO 4)

1.1.  Giéi thi¢u:

Chét tao mau tu nhién c6 nguén géc tur thuc vat, tdo, dong vat, hoac cac sinh vat
khac c6 thé thay d6i bai nhiét va pH. Mau nhan tao dugc phat trién dé gitp kiém soat nhimng
thay d6i d6, dé mau séc cta thuc phdm ludn 6n dinh trong qua trinh xtr 1y va ché bién.

1.2. Muc dich thi nghiém:

Khao sat anh huong cia nhiét d§ va pH dén kha nang tao mau cua phu gia tao mau
nhan tao va tu nhién.

1.3. Chi tiéu khao sat:

- Su bién d6i mau trong moi trudng trung tinh, pH axit va pH kiém.

- Su bién d6i mau ¢ nhiét d6 50°C, 80°C va 100°C

1.4. Tién hanh:

- Nguyén li¢u: Sira ti€t trung vinamilk, 14 dra (mau xanh), danh danh (mau vang),
ct dén (mau do), bot mau xanh nhén tao (E140), bot mau vang nhan tao (E110), bot mau
do nhan tao (E129),

- Thi nghi¢m xéc dinh anh huéng cia pH:

1. Hoa tan 5 g axit citric trong 245 g stia .

2. Hoa tan 10 g mubi né trong 240 g sita.

3. Cho 50 g dung dich axit citric vao 4 cb¢ khac nhau. Ghi nhin “acid”. Thém vao
mdi coc 5 giot mdi loai mau.

4. Cho 50 g dung dich baking soda vao 4 cdc khac nhau. Gin nhéin chung 1a
“bazo”. Thém vao mdi cdc 5 giot mdi loai mau.

5. Cho 50 g dung dich sita thudng vao 4 cdc khac nhau. Gin nhan ching 13 "trung
tinh". Thém vao mdi coc 5 giot mdi loai mau.

6. Quan sat mau.

- Thi nghiém xé&c dinh &nh huong cua nhiét do:

1. Chuén bi 4 cbc sita, mdi cdc chira 20g sita. Thém vao mdi cde 5 giot mdi loai

mau va dun ¢ 50°C



3. Chuén bi 4 cdc sita, mdi cbe chua 20g sita. Thém vao moi cde 5 giot mdi loai
mau va dun & 80°C

4. Chuén bi 4 cbc sita, mdi cdc chira 20g sita. Thém vao mdi cde 5 giot mdi loai
mau va dun & 100°C

5. Quan sat mau.

1.5. Két qua:
- Thi nghiém x4c dinh anh hudéng cua pH
Tw nhién Nhan tao
Mau pH axit | pH trung tinh | pH kiém | pH axit pH trung tinh | pH kiém
Mau do
Mau xanh
Mau vang
- Thi nghiém x4c dinh &nh hudéng cua nhiét do
Tw nhién Nhan tao
Mau
50°C 80°C 100°C 50°C 80°C 100°C
Mau do
Mau xanh
Mau vang
1.6. Cau héi:

1.6.1. Trinh bay uu nhudc diém cua phu gia tao mau tu nhién, phu gia tao mau
nhan tao?

1.6.2. Trinh bay co ché tao mau cta phy gia tao mau?

1.6.3. Nhan xét va giai thich anh hudéng cua pH, nhi¢t do dén sy tao mau cua phu

gia tao mau ty nhién va nhan tao?






PAI HQC DA NANG Cong hoa xa hi chii nghia Vi¢t Nam
TRUONG PAI HQC SU PHAM KY THUAT Djc lap — Ty do — Hanh phiic

BIEN BAN HQP BO MON
(V/v danh gid san phdm dé tai Khoa hoc Céng nghé cdp Truong)

1. Thoi gian va dia diém:
- Thoi gian: tir ngay 11/11/2025 dén ngay 12/11/2025
- Dia diém: hop online
2. Thanh phin tham duy:
- TS. Huynh Thj Diém Uyén  Trudng Khoa, giang vién BM Chu tri

- TS. Ngd Thj Minh Phuong  Giang vién BM Thu ky

- TS. Tran Thj Ngoc Thu Giang vién BM Uy vién

- ThS. Trin Thi Ngoc Linh  Giang vién BM Uy vién
Bao cdo: 2

TS. Nguyén Hiru Phuéc Trang Chu nhiém dé tai
3. N¢i dung:

Pénh gia san phdm tng dung thugc dé tai Khoa hoc Cong nghé cip Truong

- 100ml chit mau ty nhién chiét xuét tir danh danh trong d6 di dugc x4c dinh ham lugng crocin

- Ung dung giang day hoc phin Thi nghiém Phy gia Thyc phim, Nganh K§ thuét thyc phim

Tén dé tai:

“Nghién ctru chiét xuat chit mau thuc phim tw nhién crocin tir qua danh danh”. Mi s6: T2024-
06-06.

San phim (mg dung dugc c4c gidng vién trong BY mon Cong nghé Thyc phim danh gia va c6 két
ludn nhu sau:

+ Téac gia da nghién ciru tao dugc 100ml chit mau ty nhién tir danh danh trong d6 da dugc xac.
dinh ham lugng crocin,

+ Két qua x4c dinh ham lugng crocin trong dich chiét chat mau tir danh danh dugc cong bb & bai
bao ding trén tap chi Food Engineering Progress (Han Quéc) thudc danh muc Scopus, Q4, véi tidu
dé: “Study on ultrasonic extraction conditions of crocin pigment from Gardenia jasminoides Ellis and
optimization using response surface methodology”.

https://doi.org/10.13050/foodengprog.2025.29.3.15

+ Ngoi ra, sin pham (mg dung dugc img dyung vao bai gidng thi nghi¢ém mén Phy gia thyc phim
giang day tai B$ mon Cong nghé thyc pham, Khoa Cong ngh¢ Héa hoc — Méi truong, cu thé bai thi
nghiém s6 04 - Phy gia tao mau,

K&t luan thdng nhét cia B mén Cong nghé Thyc phim: San phim (g dung cla dé tai dat theo

yéu cAu trong thuyét minh di ding ky.
Cudc hop két thiic vao 10 gi 30 phut ngay 12/11/2025.

Chu m@ Thu ky hoi dong
TS. Huynh Thj Diém Uyén TS. Ngd Thj Minh Phuong
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{RUONG DAL HOC SUPHAMKY THUAT CONG HOA XA HQI CHU NGHIA VIET NAM
KHOA CONG NGHE HOA HQC - MT Pic 1ap - Ty do - Hanh phiic

BIEN BAN

Hop xét liy y kién danh gia vé sdn ph:xlm irng dung cia dé tai dé phuc vu muc dich
nghiém thu cip co s&

Vao lic 11h00 ngay 17/11/2025 Hoi ddng Khoa Cong nghé Hoa hoc - Méi truong hop iy y
kién danh gia vé san phim tng dung cia dé tai d phuc vu myc dich nghiém thu cép co s&
cho dé tai “Nghién ciru chiét xudt chdt mau thuc phdm tw nhién crocin tir qua danh danh”.
Ma sé: T2024-06-06 tai Van phong Khoa CNHH-MT duéi sy chu tri cia TS. Huynh Thi
Diém Uyén - Chu tich Hoi déng

1. Thanh phin tham du:

1. ' TS.Huynh Thj Diém Uyén - Chu tich Hoi déx{g
2. 7 TS. Ngﬁyén Hiru Phuéc Trang - Uy vién Hoi dong
3. TS.Phan Chi Uyén - Uy vién Hoi dong
4.  ThS.Kiéu Thi Hoa - Uy vién Hoi dbng
5. TS. Nguyén Thi Péng Phuong - Uy vién Hoi dong
6.  TS.Ng6 Thi Minh Phuong - Uy vién Hoi ddng
7. TS. V6 Vin Quén - Thu ki Hoi déng

Ving mat: 02 (TS. Nguyén Dinh Thong va TS. Pham Chau Huynh)

II. N§i dung

LAy y kién vé sin phdm @mg dung thugc dé tai Khoa hoc Cong nghé cip Trudng gdm:

- 100ml chat mau tu nhién chiét xuat tir danh danh trong d6 da dugc xdc dinh ham lugng
crocin;

- Ung dung giang day hoc phin Thi nghiém Phuy gia Thuc phéxn, Nganh K§ thuét thuc phém.
Két qua bo phiéu danh gia cu thé nhu sau:

Ho va tén K : B6 phiéu
chii Tén de tai nghién ciru - | San pham/két qua dé &
L nhiém dé khoa hgc; mi so tai Pong y Saung
tai dong y
TS. |Tén dé tai: Nghién ciru |- 100ml chét mau ty
Ngu~yén chiét xuit chit mau thuc | nhién chiét xuét tir danh
1 P;Il‘:(‘;c phim tr nhién crocin tir | danh trong d6 da dugc ( 1(7){)70 %)
Trang |Qué dinh danh. Ma s: | xéc dinh ham lugng ;
T2024-06-06. crocin;
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- Ung dung gidng day
hoc phan Thi nghiém
Phu gia Thuc pham,
Nganh Ky thuat thuc

phim. J

Cin cir vio Bién ban dénh gi4 san phim dé tai Khoa hoc Cong nghé cip Trudng cia B
mon Cong nghé thuc pham ngay 12/11/2025 va két qua bo phiéu, Hoi ddng Khoa hoc Khoa
Cong nghé Héa hoc-Mbi trudng két luan: San phdm img dung ciia dé tai dat theo yéu ciu
trong thuyét minh da dang ky.

Cudc hop két thiic vao lic 11h30 ciing ngay.

THU KY CHU TRI
1 W&

TS. V6 Vin Quén TS. Huynh Thi Diém Uyén
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