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Tém tat

Hién nay, cdy qué la cdy trong chi lyc trong phdt trién kinh té hé gia dinh 6 moét sé dia phuong nhu Yén Bdi,
Lao Cai, Qudang Nam va Qudng Ngai. Tuy nhién, ba ld qué chii yéu bi bé hodc ding lam phan hitu co véi gid
tri thdp, gay lang phi tai nguyén va é nhiém méi trudng néu khéng xi ly ding cdch. Nghién citu nay nhdm
tdn dung phu phdm ba ld qué sau khi tdch tinh ddu d€ chiét xudt pectin - moét polysaccharide c6 gid tri trong
cong nghiép thuc phdm va dugc phiim. Phuong phdp thity phén acid sit dung acid citric dvgc dp dung, két hgp
khdo sdt dnh hudng ctia pH, nhiét d9, thoi gian va ty 1é dung méi/nguyén liéu nhdam t6i wu héa hiéu sudt chiét.
Két qua cho thdy, diéu kién t6i vu la pH 1,0; 90°C; thdi gian 30 phiit va ty 1é dung moi 40:1; véi hiéu sudt dat
7,23%. Pectin thu dugc co ddc tinh héa ly tuong duong pectin thuong mai: ham luong acid galacturonic 67%,
d¢ ester héa 45%, trong lugng phan tii 350 kDa, khd ning tao gel t6t va 6n dinh nhiét cao. Nghién citu khang
dinh tiém ndng san xudt pectin tii b ld qué nhu mét hudng di bén viing va kha thi vé kinh t€ tai Viét Nam.
Ti khéa: Pectin, ld 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 Ngai. 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 economy.
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1. GIOI THIEU USD vao ndm 2025, véi t6c d6 ting trudng du kién 1a

Pectin 1a mot polysaccharide phtc tap, cha yéu bao
gom acid a-(1->4)-D-galacturonic, ton tai dudi dang
chubi thing hodc phan nhanh, véi kha ning tao gel
trong moi trudng acid hodc ¢6 ion kim loai nhu Ca**
(Thakur va c.s. 1997). Nho dic tinh tao didc, 6n dinh
nhi tuong va tao gel, pectin dugc ting dung rong rai
trong cong nghiép thuc phdm (miit, thach, sia chua,
nudce ép trai cly), duge phdm (khang oxy hoa, ho trg
tiéu hoa) va my phdm (chét lam déc, dn dinh) (Wang
va c.s. 2007). Theo bdo cdo ctia Grand view research,
quy mo thi trudng pectin toan cdu dugc dinh gia 1.9 ty
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7,1%, cht yéu do nhu ciu thyc phfm lanh manh va it
dudng (“Pectin Market Size, Share & Trends | Industry
Growth Forecast, 2025”).

Thong thudng, pectin dugc chiét xuat tu vo cam,
ba tdo va phu phdm ché bién trdi cay. Tuy nhién, cic
ngudn nay doi hoi nguyén liéu 6n dinh, cong nghé tién
tién, tiéu t6n nang lugng 16n, dan dén chi phi san xuét
cao (Kumar va c.s. 2023). Tai Viét Nam, pectin hoan
toan phu thudc vao nhap khiu ti cic nuée nhu Dic,
Brazil, My, v6i gia trung binh 8.000 - 12.000 USD/tén,
giy ap luc kinh té cho doanh nghiép (Nguyen, Nguyen,
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va Savage 2019). Diéu nay thic ddy nhu ciu tim kiém
nguén nguyén liéu thay thé ré, san c6 va bén viing
trong nudc.

Hién nay, qué 1a cay trong kha quen thudc tai nuéc
ta, v6i hon 180.000 ha, tap trung tai Yén Bai, Lao Cai,
Quang Nam va Quang Ngai (Derks, Turner, va Thuay
Hanh 2020)). Qua trinh chung cit tinh dau tu 1a qué
tao ra lugng I6n ba thai, ude tinh 600 - 700 kg ba/tin
14, tuong duong hang chuc nghin tdn moi ndm. Ba la
qué cht yéu bi bo hoac dung lam phén hitu co véi gia
tri thdp, gy lang phi tai nguyén va 6 nhiém moéi trudng
néu khong xt ly ding cach (Ettish va c.s. 2021). Dang
cht y, cac nghién ctiu quéc t€ gan day da ghi nhan
14 ctia nhiéu loai thudc chi Cinnamomum chéia ham
lugng dang ké polysaccharide hoa tan, bao gém cac
phéan doan pectic c6 ciu truc galacturonic ddc trung
(Zheng va c.s. 2021; Shubharani va c.s. 2017). Ho da
cung cdp bing chiing dinh lugng cho théy la ctia cac
loai thudc chi Cinnamomum chtta ham lugng dang
ké polysaccharide hoa tan va cac phan doan pectic.
Zheng, Guo va Qian (2021) cho thdy polysaccharide
tho chiét tii 1a qué cassia dat 6,8-9,5% khoi lugng kho;
trong dé phan doan pectic chiém x4p xi 30% t6ng
polysaccharide, véi ham lugng acid galacturonic 42,1%
- la thanh phan dic trung phan anh ban chit pectin
ctia polysaccharide. Tuong ty, Shubharani, Mahesh va
Raghavendra (2017) khi phéan tich qué verum da ghi
nh4n ham lugng carbohydrate tdng s6 18,6%, trong
dé cac polysaccharide hoa tan (bao gém pectin) chiém
hon 10% trong lugng kho ctia la. Dong thai, cac nghién
cliu cdu tric ciing cho thiy qua trinh sdy va chung
cét hoi nuéc khong lam phd huy hoan toan ciu tric
pectic: Shubharani va c.s. (2017) xdc nhan cac nhém
chtic dic trung cta pectin (COO-, C-O-C, -OH) van
dugc bao toan sau xt ly nhiét. Zheng va c.s. (2021)
ciing ghi nhan polysaccharide ti 14 qué Cassia c6 cau
truc rhamnogalacturonan-I va galacturonan én dinh,
it bi suy giam khi xtt ly & 80-100°C. Cac s6 liéu nay
cung c8 luan diém ring 14 qué - va dic biétla ba la qué
sau chung cét - chita ham lugng polysaccharide pectic
du 16n d€ tré thanh nguén nguyén liéu tiém ning cho
chiét xudt pectin.

Tuy nhién, dén nay, chua c6 nghién ctu nao cong
b6 vé chiét xudt pectin tii ba 14 qué, tao ra khodng trong
kién thic can dugc ldp didy (Derks, Turner, va Thay
Hanh 2020). Viéc khai thac ba 1 qué d€ chiét xuat pectin
khong chi mang y nghia khoa hoc trong viéc kham pha
ngudn nguyén liéu mai, ma con cé gia tri kinh té va sinh
thai. San xuft pectin tit phu phdm gidp gidm chi phi
nguyén liéy, tdng thu nhip cho néng dan, giam thiéu 6
nhiém ti chat thai nong nghiép, phi hgp véi xu hudng
kinh t€ tudn hoan (Campos va c.s. 2020). V6i san lugng

14 qué 16n tai Viét Nam, phat trién cong nghé chiét xudt
pectin tU ba 14 qué c6 thé tao ra san phdm gia tri cao,
giam phu thudc nhép khiu, dong gép vao chién luge
phét trién bén viing nganh ndng nghiép.

2. NGUYEN VAT LIEU VA PHUONG PHAP
NGHIEN CUU

2.1. Nguyén vt liéu

Nguyén liéu la ba 14 qué (Cinnamomum cassia) thu
gom tu cdc o 6 san xudt tinh d4u tai huyén Van Yén,
tinh Lao Cai, trong vu thu hoach thang 3 - 4/2024. Ba
dugc tao ra sau chung cét tinh dau bang phuong phap
16i cudn hoi nuGe (nhiét do 100°C, thai gian 4 gis). D€
dam bao chit lugng, ba dugc kiém tra do 4m ban dau
(50 - 60%) va phoi kho ty nhién duéi anh sang mét
troi (25 - 30°C, 48 gi) dén do 4m < 10%. Sau do, ba
dugc nghién bing mdy nghién bia (Model HM-200,
Hsiangtai) qua ray 1 mm, dat kich thudc hat 0,5 - 1,0
mm, bao quén trong tui polyethylene kin tai 25°C,
d6 dm tuong d6i 50%. Phan tich hda hoc so bo cho
théy ba chtta 25% cellulose, 15% hemicellulose va 10%
pectic substances (trén co s& kho).

Hoa chit st dung bao gom 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 thu carbazole
(= 95%, Sigma-Aldrich, CAS 86-74-8), metanol (=
99.8%, Merck, CAS 67-56-1) va cac dung moi chudn cho
phén tich FTIR va HPLC. Tét c& hoa chét dat do tinh
khiét phan tich va dugc st dung truc ti€p. Nudc cat hai
lan dugc st dung lam dung méi chinh.

2.2. Quy trinh chiét xudt pectin

Quy trinh chiét xuét pectin dugc thuc hién bang
phuong phap thay phan acid, dya trén nghién ctu
ctia Moura va cong sy vé6i di€u chinh (Aline de Moura
va c.s. 2020). Cu thé, 5g bot ba 14 qué kho duge ngam
trong dung dich acid citric (200 mL) trong noéi thuy
nhiét (Model HT-300, Haier, dung tich 500 mL, cdng
sudt 800 W) c6 gan hé thdng khudy ti (t6c do 300
rpm). Céc thong s6 dugc khao sat gom:

pH: 1,05 2,0; 3,0; 4,0; 5,0 (diéu chinh bing HC1 1 M
hodac NaOH 1 M).

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

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

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

Sau chiét xudt, dich chiét dugc loc qua vai muslin
(16 100 pm), sau d6 ly tam & 6000 rpm trong 10 phut
(may ly tdim Beckman Coulter Avanti J-268, rotor JA-
10). Phan dich ndi dugc két tua bing ethanol 96% (ty
1é 1:2 theo thé tich), giti tai 4°C trong 12 giG. Pectin
két tta dugc thu bing loc chan khong qua gidy loc
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Whatman No.1 (11 um), rtra 3 14n véi ethanol 70% dé loai bo tap
chit, sdy kho tai 50°C trong 10 sdy d6i luu (Memmert UN55) dén
khdi lugng khong ddi va bao quan trong hop kin tai 25°C.

2.3. Phén tich ddc tinh pectin

Pectin ti diéu kién t&i uu dugc phan tich cac dic tinh sau:

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

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

Do ester héa (DE, %): Tinh todn tit AUA va MI.

Trong lugng phan tt trung binh (Mw, kDa): Sac ky gel thim
th&u (GPC) trén hé thong Agilent 1260 Infinity II, ¢t PL aquagel-
OH MIXED-H, dung moi nudGce cit, chudn dextran (10 - 500 kDa).

Thanh phan monosaccharide: Thuy phan pectin bang H,SO, 2
M (100°C, 2 gi6), phén tich bang HPLC (Agilent 1260, c{t Zorbax
Carbohydrate, detector RI, pha dong acetonitrile:nudc 80:20).

Kha néng tao gel: Banh gia bang tht nghiém véi 0,1% CaCl,
(pH 4,0, 25°C), do d0 bén gel bang Texture Analyzer (TA.XT Plus,
Stable Micro Systems, ddu do 5 mm, t6c d6 1 mm/s).

Do 8n dinh nhiét: Phan tich nhiét trong lugng (TGA) trén
may PerkinElmer TGA 4000, khodng 30 - 500°C, t&c¢ do gia nhiét
10°C/pht, khi nito.

Moi phan tich dugc thuyc hién 3 1dn, két qua bdo cdo dudi
dang trung binh + sai s§ chuén (SE). Phan tich thong ké st dung
ANOVA mot chiéu, két hgp kiém dinh post-hoc Tukey (p < 0,05)
trén phdn mém SPSS 26 d€ xac nhan sy khac biét gitta cdc muic
thi nghiém.

3. KET QUA VA THAO LUAN

3.1. Anh hudng ciia pH dén hiéu sudt chiét tdch

Hiéu sudt chiét tach gidm dang ké khi pH tang tii 1,0 dén 5,0
(p < 0,05, ANOVA). Tai pH 1,0, hiéu suit 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 th4p, proton héa nhém carboxyl (-COOH) trong
pectin tang cudng kha ndng hoa tan, pha vd lién két véi cellulose
va hemicellulose trong thanh t€ bao (Celus va c.s. 2018). Khi pH
tang, nhom carboxyl ion hoa (-COO"), giam khé ning chiét tach
(Kaya va c.s. 2014). Tuy nhién, pH qué thdp cd thé lam ting chi
phi acid va yéu ciu thiét bi chéng dn mon, can can nhéc khi mé
rong quy mo (Hinh 1).

3.2. Anh huéng ciia nhiét do

Hiéu suit tang tii 60°C (0,89 + 0,01%) dén 90°C (7,23 + 0,03%,
p < 0,05), nhung giam tai 100°C (5,99 £ 0,01%, p < 0,01, post-
hoc Tukey). Nhiét d¢ cao ting toc do khuéch tan va pha v& lién
két hydro gitta pectin va thanh té€ bao, cdi thién hiéu suét (Cui
va c.s. 2021). Tuy nhién, tai 100°C, chudi polysaccharide c6 thé
bi thily phéan, gidm hiéu suét (Liu va c.s. 2016). Chen va cdng sy
bdo cdo 90°C t6i uu cho viéc bao toan ciu tric pectin va cé hiéu
xut tét (Chen va c.s. 2021). Nhiét d6 90°C 1a diém cén bang gitia
hiéu sudt va bao toan ciu tric pectin, phit hgp cho quy mé cong
nghiép (Hinh 2).

NGHIEN CUU
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Hinh 1. Anh huéng ctia pH dén hiéu sudt
chiét tdch pectin
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Hinh 2. Anh hudng ciia nhiét d6 dén hiéu
sudt chiét tdch pectin
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Hinh 3. Anh hudng cia thoi gian chiét dén
hiéu sudt chiét tach pectin

3.3. Anh hudng cira thoi gian chiét

Hiéu sudt dat cao nhét 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 chudi
polysaccharide va giam hiéu sudt (Kaya va
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c.s. 2014). Pasandide va cdng su bao cao 30
phut t6i vu cho vo kiwi vang (Pasandide va
c.s. 2017). Thoi gian ngan khong chi ting
hiéu sudt ma con ti€t kiém niang lugng, phu
hgp cho san xuat cong nghiép (Hinh 3).

3.4. Anh huéng ciia ty 1& dung moi/
nguyén liéu

Hiéu suét ting tu 10:1 (3,05 £ 0,17%)
dén 40:1 (6,10 £ 0,08%, p < 0,05), giam nhe
tai 50:1 (5,89 + 0,06%, p < 0,05, post-hoc
Tukey). Ty 1é dung mdi cao céi thién tiép
xtUc va hoa tan pectin, nhung khi qua cao,
dung dich loang lam gidm hiéu qua két taa
(Fakayode va Abobi 2018). Moura va cdng
su bdo cdo 40:1 t6i vu cho vo ca chua(Aline
de Moura va c.s. 2020). Ty 1é 40:1 la lya
chon cin bang gitta hiéu suét va chi phi
dung méi (Hinh 4).

Hiéu suét (%)

10:1 20:1 301 40:1 50:1
Ty 1& dung méi/ nguyén liéu (mL/g)

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

3.5. Ddc tinh héa ly va chiic ndang cia
pectin

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

Pectin tii ba 14 qué c6 AUA 67,0 + 0,5%,
dat tiéu chudn FAO/WHO (= 65%) (S.
Saeed et al., 2023), cho thdy do tinh khiét
t6t. MI 6,8 + 0,2% va DE 45,0 + 1,0% xac
nhén pectin it ester héa (LMP), phtu hop

Bang 1. Pac tinh héa ly ctia pectin tii ba 1a qué so v6i pectin thuong

mai va cic nguon khac

cho thuc phdm it dudng hodc cin ion Ca** d€ tao gel(Fakayode
va Abobi 2018). Mw 350 + 10 kDa thap hon pectin thuong mai
(500 + 15 kDa), c6 thé do thity phan acid manh (pH 1,0) lam ngin
chudi [13] (Kaya va c.s. 2014)So v6i vo cam (AUA 70 - 75%, DE
60 - 70%) va ba tdo (AUA 65 - 70%, DE 50 - 60%), pectin ti ba la
qué c¢b AUA tuong duong nhung DE thap hon, phu hgp cho ting
dung dic thi nhu thach it dudng hodc dugc phdm.

Thanh phin monosaccharide: Phan tich HPLC cho thdy pectin chiia
85 + 2% galacturonic acid, 10 + 1% rhamnose va 5 + 0,5% arabinose,
tuong ty pectin thuong mai (86% galacturonic acid), xac nhan cdu truc
pectic ddc trung. Su hién dién cta rhamnose va arabinose cho thiy
vung rhamnogalacturonan-1, ting kha ning nhi hoa.

Kha nang tao gel: Thtt nghiém véi 0,1% CaCl, (pH 4,0) cho do
bén gel 120 + 5 g/cm?, thdp hon pectin thuong mai (150 + 7 g/cm?,
p < 0,05, t-test), do DE thip hon cin nhiéu Ca’+ hon dé€ tao lién két
chéo. Tuy nhién, d6 bén nay du cho ting dung thach va miit 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), véi phan
hay chinh tai 250 - 300°C do phd v& chubi galacturonic (Volza,
2024). Diéu nay ddm bao pectin phit hgp cho ché bién thyc phim
G nhiét do cao (80 - 100°C).

4. KET LUAN

Nghién ctiu da t6i uu hda chiét xudt pectin tit ba 1 qué tai
pH 1,0, 90°C, 30 phut va ty 1¢ dung moi 40:1, dat hiéu sudt 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, thu¢c loai pectin it ester hoa, phu hgp
cho thach it dudng va duge phdm. Phén tich FTIR, HPLC, TGA
x4c nhan ciu truc va d6 6n dinh tuong dong véi pectin thuong
mai. Thtt nghiém thach it duong cho thdy do bén gel (115 + 4 g/
cm?) va cam quan (8,5/10) gin tuong duong pectin thuong mai.
So v6i v cam (15 - 20%) va ba tdo (10 - 15%), hiéu sudt thip hon
nhung kha thi dé tai st dung phu phdm. Chi phi san xuit uéc tinh
~5.000 USD/tin, thdp hon nhap khéu (8.000 - 12.000 USD/t4n),
va tai st dung ba 14 qué gidm ~600 kg chat thai/tdn 14, gép phan
gidm 6 nhiém. Két qua ma ra tiém nang san xuit pectin bén viing,
tang gia tri nganh qué Viét Nam.

Trong cac nghién ctu tiép theo, nhom nghién ciiu dé xudt tip
trung vao t6i uu hda quy trinh bang phuong phép t6i uu da bién
(Response Surface Methodology - RSM) nhiam dénh gid dong thoi
tuong tac gitia cac yéu t6 pH - nhiét d6 — thoi gian - ty 1¢ dung maoi,
ti dé ning cao hiéu suit chiét mot cach toan dién. Bén canh do,
tng dung két hgp enzyme, dic biét 1a cac nhom pectinase, cellulase
va hemicellulase, sé giup pha v& ciu truc thanh té€ bao hiéu qua
hon, han ché thuy phan qua mic va
tang kha nang thu héi pectin c6 trong
lugng phén tl cao. Ngoai ra, cac thu
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Dictinh | Bald qué | Pectin thuong mai | Vo cam [4] | Ba tdo [3] 13ghiém & quy mo pilot, danh gid do

AUA (%) | 67,0+0,5 72,0 + 0,4 70 - 75 65 - 70 0n dinh van hanh theo mé valién tyc,

i il ciing la hudng can thiét nham dam

MI (%) 6,8 £0,2 95£03 8-10 7-9 bao kha nidng mé rong san xuit cong

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