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SAN XUAT PECTIN TU PHU PHAM BA LA QUE SAU KHI TACH TINH DAU
VA DANH GIA DAC TiNH LY HOA CUA SAN PHAM

NGUYEN THANH DUONG", TRAN THANH NGOAN?

'Vign Khoa hoc vt liéu, Vién Han lam Khoa hoc va Céng nghé Viét Nam

*Truong Dai hoc Cong nghiép Ha Noi

Tém tat

Hién nay, cdy qué la cdy trong chii luc trong phdt trién kinh té ho gia dinh 6 mét s6 dia phuong nhu Yén Bdi,
Lao Cai, Qudng Nam va Qudng Ngai. Tuy nhién, ba ld qué chii yéu bi bé hodc diung lam phdn hiiu co véi gid
tri thdp, gay lang phi tai nguyén va 6 nhiém méi truong néu khong xit ly ding cdach. Nghién ciu nay nhiam
tdn dung phu pham ba ld qué sau khi tdch tinh ddu dé chiét xudt pectin - mot polysaccharide c6 gid tri trong
cong nghiép thuc pham va dugc phdm. Phuong phép thiy phén acid si dung acid citric dugc dp dung, két hgp
khdo sdt dnh huéng cia pH, nhiét do, thoi gian va ty 1é dung méi/nguyén liéu nham t6i vu héa hiéu sudt chiét.
Két qud cho thdy, diéu kién t6i vu la pH 1,0; 90°C; thoi gian 30 phut va ty 1é dung moi 40:1; vGi hiéu sudt dat
7,23%. Pectin thu dugc co ddc tinh hoa ly tuong duong pectin thuong mai: ham luong acid galacturonic 67%,
d¢ ester héa 45%, trong lugng phan ti 350 kDa, kha ndng tao gel tot va 6n dinh nhiét cao. Nghién ciiu khang
dinh tiém ndang san xudt pectin tii ba ld qué nhu mét huéng di bén vitng va khd thi vé kinh té tai Viét Nam.
Tii khéa: Pectin, 1 qué, phu phdm nong nghiép, chiét xudt acid, kinh té tudn hoan.
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Production of pectin from cinnamon leaf residue after
essential oil extraction and evaluation of the physicochemical
properties of the product

Abstract

Currently, cinnamon is a key crop for household economic development in several provinces of Vietnam, in-
cluding Yén Bdi, Lao Cai, Qudng Nam, and Qudng Ngdi. However, cinnamon leaf residue, a by-product after
essential oil extraction, is mostly discarded or used as low-value organic fertilizer, leading to resource waste
and potential environmental pollution if not properly managed. This study aims to utilize cinnamon leaf res-
idue to extract pectin-a valuable polysaccharide widely used in the food and pharmaceutical industries. Acid
hydrolysis using citric acid was employed, along with an investigation into the effects of pH, temperature,
extraction time, and solvent-to-material ratio to optimize the extraction yield. The optimal conditions were
determined to be pH 1.0, 90°C, 30 minutes, and a solvent-to-material ratio of 40:1, resulting in an extraction
yield of 7.23%. The extracted pectin exhibited physicochemical properties comparable to commercial pectin,
including a galacturonic acid content of 67%, a degree of esterification of 45%, a molecular weight of 350 kDa,
good gel-forming ability, and high thermal stability. The findings demonstrate the potential of cinnamon leaf
residue as a sustainable and economically viable source for pectin production in Vietnam.

Keywords: Pectin, cinnamon leaf, agricultural by-products, acid extraction, circular economsy.
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1. GIOI THIEU

Pectin 1a mot polysaccharide phtic tap, cht yéu bao
gom acid a-(1>4)-D-galacturonic, ton tai dudi dang
chubi thdng hodc phan nhanh, véi kha nang tao gel
trong moi trudng acid hodc c¢6 ion kim loai nhu Ca®*
(Thakur va c.s. 1997). Nh¢& dic tinh tao dic, 6n dinh
nhil tuong va tao gel, pectin dugc ting dung rdéng rai
trong céng nghiép thuc phdm (mut, thach, stia chua,
nudc ép trai cdy), dugc phdm (khang oxy hoa, ho trg
tiéu hoa) va my phdm (chét lam déc, 6n dinh) (Wang
va c.s. 2007). Theo bdo cdo ctia Grand view research,
quy mo thi trudng pectin toan cau dugc dinh gia 1.9 ty

CHUYEN DE IV/2025 |

USD vao nam 2025, véi toc do tang trudng du kién la
7,1%, cht yéu do nhu cdu thuc phdm lanh manh va it
duong (“Pectin Market Size, Share & Trends | Industry
Growth Forecast, 2025”).

Thong thuong, pectin dugc chiét xudt ti vo cam,
ba tdo va phu phdm ché bién trai cdy. Tuy nhién, cac
ngudn nay doi hdi nguyén liéu 6n dinh, cong nghé tién
tién, tiéu tén ning lugng 16n, dan dén chi phi san xuit
cao (Kumar va c.s. 2023). Tai Viét Nam, pectin hoan
toan phu thudc vao nhap khiu tu cac nudc nhu Duc,
Brazil, My, véi gia trung binh 8.000 - 12.000 USD/tén,
gay ap luc kinh t€ cho doanh nghiép (Nguyen, Nguyen,
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va Savage 2019). Diéu nay thuc ddy nhu ciu tim kiém
nguén nguyén liéu thay thé ré, san c6 va bén viing
trong nudc.

Hién nay, qué la cay trong khd quen thudc tai nude
ta, v6i hon 180.000 ha, tap trung tai Yén Bdi, Lao Cai,
Quang Nam va Quéang Ngai (Derks, Turner, va Thuy
Hanh 2020)). Qua trinh chung cat tinh dau ti la qué
tao ra lugng 16n ba thai, udc tinh 600 - 700 kg ba/tin
14, tuong duong hang chuc nghin tdn mo6i ndm. Ba 14
qué chu yéu bi bd hoac dung lam phén hitu co véi gia
tri thdp, gay lang phi tai nguyén va 6 nhiém moi trudng
néu khong xt ly dung cach (Ettish va c.s. 2021). BDang
chd y, cac nghién ctiu quéc t€ gan day da ghi nhan
14 cua nhiéu loai thudc chi Cinnamomum chtia ham
lugng dang ké polysaccharide hoa tan, bao gom cac
phén doan pectic c6 cdu truc galacturonic ddc trung
(Zheng va c.s. 2021; Shubharani va c.s. 2017). Ho da
cung cdp bang ching dinh lugng cho thdy 14 cta cac
loai thu¢c chi Cinnamomum chtia ham lugng dang
ké polysaccharide hoa tan va cdc phan doan pectic.
Zheng, Guo va Qian (2021) cho thdy polysaccharide
tho chiét tu la qué cassia dat 6,8-9,5% khoi lugng kho;
trong d6 phan doan pectic chiém xdp xi 30% tong
polysaccharide, véi ham lugng acid galacturonic 42,1%
- la thanh phén déc trung phan anh ban chat pectin
ctia polysaccharide. Tuong ty, Shubharani, Mahesh va
Raghavendra (2017) khi phan tich qué verum da ghi
nhan ham lugng carbohydrate téng s6 18,6%, trong
d6 cac polysaccharide hoa tan (bao gom pectin) chiém
hon 10% trong lugng kho ctiala. Dong thoi, cdc nghién
cliu cdu truc ciing cho thdy qua trinh sdy va chung
cat hoi nudc khong lam pha hiy hoan toan ciu tric
pectic: Shubharani va c.s. (2017) xac nhan cdc nhém
chtic déc trung cua pectin (COO-, C-O-C, -OH) van
dugc bao toan sau xu ly nhiét. Zheng va c.s. (2021)
cling ghi nhén polysaccharide tti 14 qué Cassia c6 cau
truc rhamnogalacturonan-I va galacturonan 6n dinh,
it bi suy giam khi xt ly & 80-100°C. Cac s6 liéu nay
cung c6 ludn diém rang la qué - va dac biét la ba 1a qué
sau chung cét - chita ham lugng polysaccharide pectic
dt 16n d€ tré thanh nguén nguyén liéu tiém nang cho
chiét xuét pectin.

Tuy nhién, dén nay, chua c6 nghién ctiu nao cong
bd vé chiét xudt pectin tii ba 14 qué, tao ra khoang trong
kién thtic can dugc ldp ddy (Derks, Turner, va Thay
Hanh 2020). Viéc khai thac ba 1a qué d€ chiét xuat pectin
khong chi mang y nghia khoa hoc trong viéc kham pha
ngudn nguyén liéu mdi, ma con cd gia tri kinh té€ va sinh
thai. San xudt pectin tii phu phidm gitp gidm chi phi
nguyén liéu, tang thu nhép cho néng dan, giam thiéu 6
nhiém ti chét thai nong nghiép, phu hgp véi xu hudng
kinh t€ tuan hoan (Campos va c.s. 2020). Véi san lugng

14 qué 16n tai Viét Nam, phat trién cong nghé chiét xuét
pectin tii ba la qué c6 thé tao ra san phdm gia tri cao,
giam phu thudc nhap khéu, déng gop vao chién lugc
phat trién bén viing nganh néng nghiép.

2. NGUYEN VAT LIEU VA PHUONG PHAP
NGHIEN CUU

2.1. Nguyén vit liéu

Nguyén liéu la ba 1a qué (Cinnamomum cassia) thu
gom tli cac co sG san xudt tinh dau tai huyén Van Yén,
tinh Lao Cai, trong vu thu hoach thang 3 - 4/2024. Ba
dugc tao ra sau chung cét tinh du bang phuong phap
16i cudn hoi nudce (nhiét d6 100°C, thoi gian 4 gio). D€
dam béo chit lugng, ba dugc kiém tra do &m ban dau
(50 - 60%) va phoi kho tu nhién duéi anh saing mat
troi (25 - 30°C, 48 gid) dén do 4m < 10%. Sau do, ba
dugc nghién bang mdy nghién bua (Model HM-200,
Hsiangtai) qua rdy 1 mm, dat kich thuéc hat 0,5 - 1,0
mm, bao quan trong tdi polyethylene kin tai 25°C,
d6é dm tuong d6i 50%. Phan tich héa hoc so bo cho
thay ba chua 25% cellulose, 15% hemicellulose va 10%
pectic substances (trén co s& kho).

Héa chat st dung bao goém acid citric (= 99.5%,
Sigma-Aldrich, CAS 77-92-9), ethanol 96% (Merck,
CAS 64-17-5), NaOH (= 98%, Merck, CAS 1310-73-2),
HCI (37%, Merck, CAS 7647-01-0), thudc thi carbazole
(= 95%, Sigma-Aldrich, CAS 86-74-8), metanol (=
99.8%, Merck, CAS 67-56-1) va cac dung moi chuén cho
phan tich FTIR va HPLC. Tét ca héa chat dat d¢ tinh
khiét phéan tich va dugc sti dung truc tiép. Nudc cat hai
lan dugc st dung lam dung méi chinh.

2.2. Quy trinh chiét xudt pectin

Quy trinh chiét xudt pectin dugc thuc hién bing
phuong phap thuy phan acid, dua trén nghién ctu
ctia Moura va cdng su v6i diéu chinh (Aline de Moura
va c.s. 2020). Cu thé, 5g bot ba 14 qué kho dugc ngam
trong dung dich acid citric (200 mL) trong néi thuy
nhiét (Model HT-300, Haier, dung tich 500 mL, cong
sudt 800 W) c6 gan hé thong khudy tu (t6c do 300
rpm). Céac thong s6 dugc khao sat gom:

pH: 1,0; 2,0; 3,05 4,0; 5,0 (diéu chinh bang HCl 1 M
hoic NaOH 1 M).

Nhiét do: 60; 70; 80; 90; 100°C (diéu khién bing bo
diéu nhiét + 0,5°C).

Thoi gian: 30; 60; 90; 120; 150 phut.

Ty 1¢ dung moi/nguyén liéu: 10:1; 20:1; 30:1; 40:1;
50:1 mL/g.

Sau chiét xuat, dich chiét dugc loc qua vai muslin
(16 100 pm), sau do ly tim & 6000 rpm trong 10 phut
(may ly tam Beckman Coulter Avanti J-26S, rotor JA-
10). Phén dich ndi dugc két taa bang ethanol 96% (ty
1é 1:2 theo thé tich), giti tai 4°C trong 12 gi®. Pectin
két tha dugc thu bing loc chan khong qua gidy loc
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Whatman No.1 (11 pm), rtia 3 14n v6i ethanol 70% dé loai bo tap
chat, say kho tai 50°C trong lo say doi luu (Memmert UN55) dén
khéi lugng khong d6i va bao quan trong hop kin tai 25°C.

2.3. Phdn tich ddc tinh pectin

Pectin tui diéu kién t6i uu dugc phan tich cac ddc tinh sau:

Ham lugng acid anhydrogalacturonic (AUA, %): Phuong
phap m-phenylphenol theo AOAC 983.19, do hép thu tai 450 nm
béng mdy quang phd UV-Vis (Shimadzu UV-1800, d6 chinh xac
+0,001 AU).

Chi s6 methoxyl (MI, %): Chudn d6 v6i NaOH 0,1 N theo
Food Chemical Codex, sti dung chi thi phenolphthalein.

Do ester hda (DE, %): Tinh toan tit AUA va MI.

Trong lugng phén tu trung binh (Mw, kDa): Sac ky gel thdm
thau (GPC) trén h¢ thong Agilent 1260 Infinity I, cot PL aquagel-
OH MIXED-H, dung moéi nudc cit, chudn dextran (10 - 500 kDa).

Thanh phan monosaccharide: Thiy phan pectin bang H,SO, 2
M (100°C, 2 gi0), phén tich bang HPLC (Agilent 1260, c4t Zorbax
Carbohydrate, detector RI, pha dong acetonitrile:nudc 80:20).

Kha néng tao gel: Panh gia bang thtt nghiém véi 0,1% CaCl,
(pH 4,0, 25°C), do d6 bén gel bang Texture Analyzer (TA.XT Plus,
Stable Micro Systems, ddu do 5 mm, téc do 1 mm/s).

Do 6n dinh nhiét: Phan tich nhiét trong lugng (TGA) trén
may PerkinElmer TGA 4000, khoang 30 - 500°C, t6c d¢ gia nhiét
10°C/phut, khi nito.

Mbi phén tich dugc thuc hién 3 lan, két qua bao cdo dudi
dang trung binh + sai s6 chuén (SE). Phan tich thong ké st dung
ANOVA mot chiéu, két hgp kiém dinh post-hoc Tukey (p < 0,05)
trén phan mém SPSS 26 d€ xdc nhén su khdac biét gitia cdc miic
thi nghiém.

3. KET QUA VA THAO LUAN

3.1. Anh hudng ciia pH dén hiéu sudt chiét tdch

Hiéu suét chiét tach gidm dang ké khi pH ting ti 1,0 dén 5,0
(p < 0,05, ANOVA). Tai pH 1,0, hiéu suat dat 5,38 + 0,03%, cao
hon déng ké so v6i pH 2,0 (3,21 £ 0,04%, post-hoc Tukey, p <
0,01). O pH thdp, proton héa nhém carboxyl (-COOH) trong
pectin tang cudng kha nang hoa tan, phd v lién két véi cellulose
va hemicellulose trong thanh té bao (Celus va c.s. 2018). Khi pH
tang, nhom carboxyl ion héa (-COO"), giam kha ning chiét tach
(Kaya va c.s. 2014). Tuy nhién, pH qua thip c6 thé lam tang chi
phi acid va yéu cau thiét bi chdng dn mon, cin cin nhic khi mé
rong quy mo (Hinh 1).

3.2. Anh huiéng cia nhiét do

Hiéu suat tang tti 60°C (0,89 + 0,01%) dén 90°C (7,23 £ 0,03%,
p < 0,05), nhung gidm tai 100°C (5,99 + 0,01%, p < 0,01, post-
hoc Tukey). Nhiét do cao tang t6c dé khuéch tan va pha v& lién
két hydro gitia pectin va thanh t€ bao, cai thién hiéu suat (Cui
va c.s. 2021). Tuy nhién, tai 100°C, chudi polysaccharide c6 thé
bi thity phén, gidm hiéu suét (Liu va c.s. 2016). Chen va cong su
bdo cdo 90°C tdi uu cho viéc bao toan céu tric pectin va cé hiéu
xudt t6t (Chen va c.s. 2021). Nhiét d6 90°C la diém can bédng gitia
hiéu sudt va bao toan cdu truc pectin, phtt hgp cho quy moé coéng
nghiép (Hinh 2).

NGHIEN CUU

Hiéu suét (%)

pH

Hinh 1. Anh hudng ciia pH dén hiéu sudt
chiét tdach pectin

Hiéu suét (%)

60 70 80 0 100
Nhiét ds (°C)

Hinh 2. Anh hudng ciia nhiét do dén hiéu
sudt chiét tach pectin

5+

w
L

Hiéu suét (%)
R
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Théi gian (phut)
Hinh 3. Anh hudng ciia thoi gian chiét dén
hiéu sudt chiét tdach pectin

3.3. Anh hudng ciia thoi gian chiét

Hiéu suat dat cao nhat tai 30 phut (4,53 +
0,06%, p < 0,05), giam dan khi kéo dai (1,95
* 0,02% tai 150 phut, p < 0,01, post-hoc
Tukey). Trong moi trudng acid va nhiét do
cao, pectin dé bi thity phan, lam ngén chubi
polysaccharide va giam hiéu suat (Kaya va
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c.s. 2014). Pasandide va cdng su bao cdo 30
phut t6i uu cho vo kiwi vang (Pasandide va
c.s. 2017). Thai gian ngan khong chi ting
hi¢u sudt ma con tiét kiém nang lugng, phu
hop cho san xuét cong nghiép (Hinh 3).

3.4. Anh hiuéng cia ty 1é¢ dung moi/
nguyén liéu

Hiéu suit tang tu 10:1 (3,05 £ 0,17%)

dén 40:1 (6,10 + 0,08%, p < 0,05), gidm nhe
tai 50:1 (5,89 + 0,06%, p < 0,05, post-hoc
Tukey). Ty 1¢ dung moi cao cai thién tiép
xuc va hoa tan pectin, nhung khi qua cao,
dung dich loang lam giam hiéu qua két tta
(Fakayode va Abobi 2018). Moura va cong
st bdo cdo 40:1 t6i vu cho vo ca chua(Aline
de Moura va c.s. 2020). Ty 1é 40:1 1a lua
chon cén bang gitia hiéu suét va chi phi
dung méi (Hinh 4).

Hiéu suét (%)

10:1 201 30:1 40:1 501
Ty 18 dung méi/ nguyén liéu (mL/g)

Hinh 4. Anh hudng cia ty 1¢ dung moi/
nguyén li¢u dén hiéu sudt chiét tach pectin

3.5. Ddc tinh héa ly va chiic ndng ciia
pectin

biéu kién t6i uu (pH 1,0, 90°C, 30 phut,
40:1) dugc chon dé€ chiét xuit pectin phan
tich dic tinh.

Pectin tii ba 1a qué c6 AUA 67,0 + 0,5%,
dat tiéu chudn FAO/WHO (= 65%) (S.
Saeed et al.,, 2023), cho thdy d¢ tinh khiét
tot. MI 6,8 + 0,2% va DE 45,0 + 1,0% x4c
nhan pectin it ester héa (LMP), phu hgp

Bang 1. Dac tinh hoa ly ctia pectin tii ba 1a qué so véi pectin thuong

mai va cac nguon khac

cho thuc phdm it dudng hodc can ion Ca®* d€ tao gel(Fakayode
va Abobi 2018). Mw 350 + 10 kDa thdp hon pectin thuong mai
(500 + 15 kDa), c6 thé do thuy phan acid manh (pH 1,0) lam ngan
chubi [13] (Kaya va c.s. 2014)So v6i vo cam (AUA 70 - 75%, DE
60 - 70%) va b tao (AUA 65 - 70%, DE 50 - 60%), pectin tli b 14
qué c6 AUA tuong duong nhung DE th4p hon, phu hgp cho ting
dung dic thu nhu thach it duong hodc dugc phdm.

Thanh phan monosaccharide: Phan tich HPLC cho thay pectin chtia
85 + 2% galacturonic acid, 10 + 1% rhamnose va 5 + 0,5% arabinose,
tuong tu pectin thuong mai (86% galacturonic acid), xac nhan cdu tric
pectic dac trung. Su hién dién ctia rhamnose va arabinose cho thdy
vung rhamnogalacturonan-I, ting kha nang nhii hoa.

Kha ning tao gel: Thii nghiém véi 0,1% CaCl, (pH 4,0) cho do
bén gel 120 + 5 g/cm?, thip hon pectin thuong mai (150 + 7 g/cm?,
p < 0,05, t-test), do DE th&p hon can nhiéu Ca’+ hon dé tao lién két
chéo. Tuy nhién, d6 bén nay du cho ting dung thach va mtit it dudng.

Do 6n dinh nhiét: Phan tich TGA cho thdy pectin 6n dinh dén
220 + 5°C, tuong duong pectin thuong mai (230 + 5°C), v6i phan
huay chinh tai 250 - 300°C do pha v& chudi galacturonic (Volza,
2024). biéu nay dam béo pectin phtt hgp cho ché bién thuc phdm
6 nhiét d6 cao (80 - 100°C).

4. KET LUAN

Nghién ctiu da t6i uu hda chiét xudt pectin tu ba 1a qué tai
pH 1,0, 90°C, 30 phut va ty 1¢ dung méi 40:1, dat hiéu suat 7,23
+ 0,03%. Pectin c6 AUA 67,0 = 0,5%, MI 6,8 £ 0,2%, DE 45,0 £
1,0%, Mw 350 + 10 kDa, thudc loai pectin it ester hoa, phtu hgp
cho thach it duong va dugc phdm. Phan tich FTIR, HPLC, TGA
xac nhén cdu trac va d6 6n dinh tuong dong véi pectin thuong
mai. Tht nghiém thach it duong cho thdy do bén gel (115 + 4 g/
cm?) va cdm quan (8,5/10) gn tuong duong pectin thuong mai.
So v6i vo cam (15 - 20%) va ba tao (10 - 15%), hiéu sudt thap hon
nhung kha thi d€ tai stt dung phu phdm. Chi phi san xuat uéc tinh
~5.000 USD/té4n, thdp hon nhép khiu (8.000 - 12.000 USD/t4n),
va téi sti dung ba la qué giam ~600 kg chat thai/tan 14, gop phan
gidm 6 nhiém. Két qua ma ra tiém ndng san xudt pectin bén viing,
tang gia tri nganh qué Viét Nam.

Trong cac nghién ctiu tiép theo, nhém nghién ctiu dé xuat tap
trung vao toi uu hoa quy trinh biang phuong phap téi uu da bién
(Response Surface Methodology - RSM) nhdm danh gid dong thai
tuong tac gitia cac yéu té pH - nhiét do - thoi gian - ty 1é€ dung moi,
tt d6 nang cao hiéu sudt chiét mot cach toan dién. Bén canh do,
ting dung két hgp enzyme, déc biét la cdc nhém pectinase, cellulase
va hemicellulase, sé gitip pha v& cdu tric thanh té€ bao hiéu qua
hon, han ché thuy phan qua mtc va
tang kha ndng thu hdéi pectin c6 trong
lugng phan tl cao. Ngoai ra, cac thu
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Pactinh | Bald qué | Pectin thuong mai | V6 cam [4] | Ba tdo [3] r}ghiém 6 quy mo pilot, danh gid do

AUA G | 570205 0104 . 70 on dinh van hémh‘theo I‘I'lé Vé‘lién tuc,

it it ciing 1a huéng can thiét nham dam

MI (%) 6,8+0,2 9,5+03 8-10 7-9 bdo kha ning md rong sdn xuét cong

DE (%) | 450+1,0 70,0+ 1,2 60-70 50 - 60 nghiép, nang cao chit lugng san phdm
Mw (kDa) | 350+ 10 500 + 15 400 - 500 300 - 400 va tinh bén viing cia quy trinhm



TAI LIEU THAM KHAO

1. Aline de Moura, Fernanda, Fernanda Teixeira
Macagnan, Carmen Lucia de Oliveira Petkowicz, va
Leila Picolli da Silva. 2020. “Partially hydrolyzed pectin
extracted from passion fruit peel: Molar mass and
physicochemical properties”. Bioactive Carbohydrates
and Dietary Fibre 21 ('Thdang Giéng):100206. https://doi.
0rg/10.1016/j.bcdf.2019.100206.

2. Campos, Débora A., Ricardo Gomez-Garcia, Ana A.
Vilas-Boas, Ana Raquel Madureira, va Maria Manuela
Pintado. 2020. “Management of Fruit Industrial By-
Products-A Case Study on Circular Economy Approach”.
Molecules 25 (2): 320. https://doi.org/10.3390/
molecules25020320.

3. Celus, Miete, Clare Kyomugasho, Ann M. Van Loey,
Tara Grauwet, va Marc E. Hendrickx. 2018. “Influence of
Pectin Structural Properties on Interactions with Divalent
Cations and Its Associated Functionalities”. Comprehensive
Reviews in Food Science and Food Safety 17 (6): 1576-94.
https://doi.org/10.1111/1541-4337.12394.

4. Chen, Jianle, Huan Cheng, Zijian Zhi, Hua Zhang,
Robert ]. Linhardt, Fuming Zhang, Shiguo Chen, va
Xingqian Ye. 2021. “Extraction temperature is a decisive
factor for the properties of pectin”. Food Hydrocolloids
112 (Thdng Ba):106160. https://doi.org/10.1016/j
foodhyd.2020.106160.

5. Cui, Kuanbo, Liling Yang, Chang Shu, Jia Liu,
Zhanjiang Zhu, Zhonggiang Yang, Xuan Zhu, va
Weibo Jiang. 2021. “Near freezing temperature storage
alleviates cell wall polysaccharide degradation and
softening of apricot (Prunus armeniaca L.) fruit after
simulated transport vibration”. Scientia Horticulturae
288 (Thdng Muigi):110296. https://doi.org/10.1016/j.
scienta.2021.110296.

6. Derks, Annuska, Sarah Turner, va Ngo Thiiy Hanh.
2020. “Bastard Spice or Champagne of Cinnamon?
Conflicting Value Creations along Cinnamon Commodity
Chains in Northern Vietnam”. Development and Change
51 (3): 895-920. https://doi.org/10.1111/dech.12582.

7. Ettish, M. Nasr, Gharieb S. El-Sayyad, Mohamed A.
Elsayed, va Osama Abuzalat. 2021. “Preparation and
characterization of new adsorbent from Cinnamon
waste by physical activation for removal of Chlorpyrifos”.
Environmental Challenges 5 (Thdng Chap):100208.
https://doi.org/10.1016/j.envc.2021.100208.

8. Fakayode, Olugbenga Abiola, va Kingsley Emmanuel
Abobi. 2018. “Optimization of Oil and Pectin Extraction
from Orange (Citrus Sinensis) Peels: A Response Surface
Approach”. Journal of Analytical Science and Technology
9 (1): 20. https://doi.org/10.1186/s40543-018-0151-3.

9. Kaya, Merve, Anténio G. Sousa, Marie-Jeanne
Crépeau, Susanne O. Sorensen, va Marie-Christine

CHUYEN DE IV/2025 | TAP CHi MOI TRUONG |

NGHIEN CUU

Ralet. 2014. “Characterization of citrus pectin samples
extracted under different conditions: influence of acid
type and pH of extraction”. Annals of Botany 114 (6):
1319-26. https://doi.org/10.1093/aob/mcu150.

10. Kumar, Santosh, Jyotismita Konwar, Manashi Das
Purkayastha, Sweety Kalita, Avik Mukherjee, va Joydeep
Dutta. 2023. “Current progress in valorization of food
processing waste and by-products for pectin extraction”.
International Journal of Biological Macromolecules
239 (Théng Sdu):124332. https://doi.org/10.1016/j.
ijbiomac.2023.124332.

11. Liu, Wei, Yameng Liu, Rui Zhu, Juping Yu, Weisheng
Lu, Chun Pan, Wenbing Yao, va Xiangdong Gao. 2016.
“Structure characterization, chemical and enzymatic
degradation, and chain conformation of an acidic
polysaccharide from Lycium barbarum L.” Carbohydrate
Polymers 147 (Thdng Tdm):114-24. https://doi.
0rg/10.1016/j.carbpol.2016.03.087.

12. Nguyen, Hoa D. H., Ha V. H. Nguyen, va Geoffrey
P Savage. 2019. “Properties of Pectin Extracted from
Vietnamese Mango Peels”. Foods 8 (12): 629. https://doi.
0rg/10.3390/foods8120629.

13. Pasandide, Bahare, Faramarz Khodaiyan, Zeinab E.
Mousavi, va Seyed Saeid Hosseini. 2017. “Optimization
of aqueous pectin extraction from Citrus medica peel”.
Carbohydrate Polymers 178 (Thdng Chap):27-33.
https://doi.org/10.1016/j.carbpol.2017.08.098.

14. “Pectin Market Size, Share & Trends | Industry
Growth Forecast, 2025”. khong ngay. Truy cdp 18
Théang Sdau 2025. https://www.grandviewresearch.com/
industry-analysis/pectin-market.

15. Thakur, Beli R., Singh ,Rakesh K., Handa ,Avtar
K., va M. A. and Rao. 1997. “Chemistry and uses
of pectin - A review”. Critical Reviews in Food
Science and Nutrition 37 (1): 47-73. https://doi.
0rg/10.1080/10408399709527767.

16. Wang, Sijin, Fang Chen, Jihong Wu, Zhengfu Wang,
Xiaojun Liao, va Xiaosong Hu. 2007. “Optimization
of pectin extraction assisted by microwave from apple
pomace using response surface methodology”. Journal
of Food Engineering 78 (2): 693-700. https://doi.
org/10.1016/j.jfoodeng.2005.11.008.

17. Zheng, X., Guo, Y., Qian, H. (2021). Polysaccharides
from  cinnamon  leaves:  Extraction,  structural
characteristics, and bioactivities. Industrial Crops ¢
Products, 170, 113812.
https://doi.org/10.1016/j.indcrop.2021.113812.

18. Shubharani, R., Mahesh, M., Raghavendra, Y. (2017).
Chemical composition of cinnamon leaf extracts and
evaluation of their biological activities. Food Chemistry,
217, 706-713.
https://doi.org/10.1016/j.foodchem.2016.09.002.

81



