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W OE: AR AKEHAY (Cassava tender shoots, CTS) H 3t %, AR AFTIEME. THhA K4 % (Index of
nutritional quality, INQ) #= £ &% % #7# (Principal component analysis, PCA) , R T HAEE. FF. FE.
AR, ZOaFE e TEFHELLS CTS BAHEAAMNERAZTAR. REARD T AEHMBRELSZHEF, U
Rt CTS EAMBHELY., 229 BIAWIRAIEAHEZHHCTS BAELR. £+, CTSFEEZS
BRAERA, #3529g/100g; CTS it E KIH/NFARASEERAK; CTS MH EA AT MR F RRAEEE
&, £F CTSFEIELR Y &% (Mn. Zn. KA Mg A2 5518 71.91%. 70.72%. 59.20% #= 60.84%) . %
CTS W) ¥ fAL4h &2 £ 32.62~82.41 mgkg; ¥ THEHRIK, SF £ 1.07~233 g £ TH/100g; LAMRILELFT
KT B RZARE, 22 £ 037~1.02 mgkg, BEIFMEAN, CTSERELABTH%R, ABFmmE, KRRATE
i INQ IFM £ R Z T CTS it . CTS ¥4 CTS K EHMIEKZH; PCA KAMINERFH R T
Bk EH 83.949%, PCA A3 H LR BT, CTSEE. CTS ALk A= CTS ik ZAEMAK D, RE, HAORE
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Impact of Various Pickling Techniques on the Processing Quality of
Cassava Tender Shoots

ZHANG Jinquan?, WANG Qinfei’, WU Ruona’, YU Houmei’, LIN Liming’,
SONG Yong"*, ZHANG Zhenwen”"

(1.College of Horticulture, Hunan Agricultural University, Changsha 410000, China;
2.Tropical Crops Genetic Resources Institute, Chinese Academy of Tropical Agricultural Sciences, Haikou 571101, China)

Abstract: This study explored the differences in the chemical and elemental composition, anti-nutritional factors, and
nitrate content of cassava tender shoots (CTS) pickled vegetables under various traditional processes, such as Kimchi
(KIM), sprouts pickles (SPP), vegetable pickled in sauce (SP), olives pickles (OP), hot Kimchi (HK) and salted pickles
(SAP), using sensory evaluation, the index of nutritional quality (INQ), and principal component analysis (PCA). The aim
was to identify the optimal process for producing high-quality CTS pickled vegetables. Results indicated that different
pickling processes significantly affect the quality of CTS pickled vegetables. SPP had the highest protein content at
35.29 g/100 g, while SAP had relatively lower chemical composition. The mineral content in the CTS pickled vegetables
decreased to varying degrees, with SPP having the most significant decrease (71.91% in Mn content, 70.72% in Zn, 59.20%
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in K, and 60.84% in Mg). The cyanide content of CTS pickled vegetables ranged from 32.62 mg/kg to 82.41 mg/kg, while

tannin content ranged from 1.07 g tannic acid/100 g to 2.33 g tannic acid/100 g, with nitrate content lower than the national

standard at 0.37 mg/kg to 1.02 mg/kg. Sensory evaluation showed that KIM had satisfactory freshness, texture, and

appearance, ranking the highest among all. INQ evaluation indicated that SAP, KIM, and HK had higher nutritional value.

PCA analysis showed that the cumulative contribution rate of the first three principal components was 83.949%, and the

overall score showed that KIM, OP and HK had higher quality. After comprehensive evaluation of sensory evaluation, INQ

evaluation, and PCA analysis, KIM using the pickle-making process was determined to be the best method, followed by HK

and SAP.

Key words: cassava tender shoots; pickled vegetables; sensory evaluation; index of nutritional quality evaluation; principal

component analysis evaluation

AKZE (Manihot esculenta Crantz) I 2, St
= RN 2 —, EBER AT R SEYN AT b X 1)
M. Syl . BRI EAT W2 L mibs  AHAERE L . R
BRER 5 FAR L 2B 77 ARG R S 0V AR A M
ERPALES 30°Z[EIA9NE | FFE . SEYHEE 100 24~ K
Ho XM AR R ARZE Y FELR =), REME SR
F15E(17.7%~38.1%, DW) . )51 (P. K. Ca FIl Mg
8. 4 FE (4R E B, B,. C FIZEEHEY NEREE)P,
EFRMME S5 AR VAR R RS AR LY, &
BRI R CRIR . (H AR AR Y & 5K
157, AR AREHAR Y 5~20 5™, XA R IT R SR
Ko BEHUME LR E U IR+, 2
TR R RN 2R

WFFE R, e & I Re AT ORI AR 2P 3%
EFIKFP, ESeAE I & i A b R 2B A ik
24 N Cangi 7K A G 4 - B8 SRR DA Q45 ) AN
BRAER S nI A7 . W T I — RS XU
Hb, B BEREINE LY . TR FEY R, T E
TP AR . T AR E L, 25 LRSS
s BRSNS AR, AR AT gl 45/
&, MIASE AR 20, MRS [R], XUBR 22 5304,
AN[FE]E,

FEARZ A (Cassava tender shoots, CTS) il ™
i, AT B S BN R BN AE CTS i
7 =K, HSA RpgEHISE . andhr T 3119 Mani-
coba, J& FHYIWRE BB WG CTS ZE/K P 5 AL & 7H
Tl —E &, fiil 5 d s KA a) S & R BN
J& R PE V.1 Tumis daun singkong, J2¥ 25471 CTS
AR TR (AT Daun jeruk purut, HEE
171 Daun serai 55), PRl % BEHINY. 4
FRE, BT BB CTS HTFHRIVECKL . T8 FiE
T w1 b, R EH T3 imbelt, Bk &
WA BTN G T H A TS ST R, 8o AR R
A Sl F B, R T BRI ot 8 5%
PR R, U CTS il B N iisgmT s &, A
R & T R Pl

A, AT ST DAAS S BORS SRy SR A Rk, 548 T i)
JHE ISR HIAE 25, %) FEAS R T 25%) CTS il
PIFEA SR B TR - FAY P UE IR E
T EARE SR AL BT 25 5, SR A S S T CTS 1]

125 S CTS s e R IR S
1 RS
1.1 MR5E

1EFG 9 B ARZAY(CTS) 2021 4F 10 A Rk
T E BT RO B B ARV S A IR A 5 T
FEATEFN TN AEH. /AR AR SR R R
B WS TR HYEMR AT FRA 75 -4k 504
PEAS  dUETIE 2R BHE R A BRAE] G . HEE

oG al, WL T35 [ Sigma 2\ &) fEAREF WAL T
A YRR A R AT p-Sid Ll WSET R

W57 SEMRAE AR I A FR AN F] s BCA 85
Fl&  WSET B = RAEYE ARG R E]; AR
FHEH S WWSE T O AR B A R A FRAS F
PVP. Ak, SRR . JoK O BEEE R RLEGH
SETHE A EARRHCE R A AL IRE TR (AR)
SEF R EET KA %R Feo Mn. Zn. Al Ca.
K. Mg. Se. As Fll Pb trifiifin WK Fix S8 i priE
7/)ins AU

AS220.R2 HL 7R KT 05 JH B RS2 56 %
ALESEIH A BR 2y 7] Elix3+Synergy #84i7K 248 W
¥ 22 Millipore 23 7); FD115 fUAH 43K T8
BINDER 2\ #]; KQ-6000DE Y% 75 I i Ve %
WA SEF B2 1L T A8 75 A A5 BR 2 H] 5 Tecan/Spark 10M
B MSEFaE & (MDA BRASF]; iCAP PRO H
BEN G B FAAES YR WSETIEER CHERE}
F /37l IKA C 6000 isoperibol Package & 5%

WASE T IKA 2],
1.2 SFHE
1.2.1 CTS WEHIZIM T ek AR 1. SRS
T2 M) faf R KIM( Kimchi with cassava tender
shoots), BN T 22 AN R IRER e T. 25, 4%
it CTS {BUeI T /a2 ARED, B B4 1) ER W
ik CTS, #EHHER] 30 d.

AL 2. ZBEZESEME T T2, fAjFR SPP(Sprouts
pickles with cassava tender shoots), Bl ZF 32 & 353 ]
5. TEORL, k. pebE . B, ERGEZIE T)F T
o HrEE CTS Uik, HEh . OBk TEM. H AR
BEIAGE, FRMRIN A KRG PR 224, 12
AR, IRE 555 30 ds
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Ab¥E 3. 2 PR G2 Y0 SR T2, fRTAK HK (Hot
kimchi with cassava tender shoots), BRI 4%-& U SEFl %
S 2B ER A B TR A I SIS KIS . BT
fief CTS ¥R 1 min, HHEEY T, R THESROKE
W, FEERE 30 do

AbBE 4. ZRRFEWISEMS T2, ARk SP(Vege-
tables pickled in sauce with cassava tender shoots),
BIARHE NT/T 437-20124 SR (06 5 M )2 X, #%
Seggid Uiz WOk, i A 200 TP . Hr
8 CTS Vg, SEFMM RSG5 5 ¥ 30 d(3%
EAERRE 100 .

AbPR 5. Z: BEMONE SR ) T 2217, fa PR OP(Oli-
ves pickles with cassava tender shoots), Bl#i#f CTS
JAGE BB, A RETPHET] 30 do HETISE
W HHE, 5z R IR S 1 5] (B in i
JEHIZE SR CTS —22) .

AbBE 6. Z MEERBTERME T T2, fATPR SAP(Salt
pickles with cassava tender shoots), B2 T2 Eh i
Jr2, B CTS Pl 1, #—J2 CTS — )22k
THEFEARET 30 do

AT CTS g il Se BB FE an 3R 1o 8 A e dy
HY CTS Jifg il e fE i T RAE H L 60 °C B9 58 F T
Mk 8 h, ik 40 Hi, W RURAF .

F 1 A CTS MEHISERCR# ()
Ingredients list of different CTS pickled vegetables (g)

ARIMERIZE crs Bk Ok MEE AR O B TR
KIM 250 20 500

Table 1

SPP 1000 110 600 25 75 20
HK 200 4 300 80

SP 500 40 150

oP 200 10

SAP 200 A

lnx

TE: Frh B FRR N = CTS ik,

B

1.2.2 ARl il e A 5 & 5 FREX 0.5000 g
CTS ¥y kLS I A 10 mL 50 mmol/L 4 B 12 2% nhik
(pH7.0,% 1%PVP, 0.1% ZiF L B%), LA 150 r/min 7E
PRI 30 min, ZRJSAE 12000 r/min F&5.0> 15 min,
IS A BCA & R S0 a2 FLA W b ] s 2
B, AR ZR A y=1.2396x—0.1109; HxE R ¥ R>=
0.9913,
W& 208 GB 5009.6-2016 & P AEIT &
AR DHEA I RE o
FHLT4ES R M GB/T 8310-2013 CESHLLT 4N
Y, FUVES . B 1.0000 g CTS By AHLT 2 H
AR 4ERE AT 1, 435K 1 L 1.25% Bk
WA 1 L 1.25% SAALENEEIRE T 350 °C v iasR
B, KRR A BB Y 1.25% BRERG W
78 30 min, BT 100 °C ZE08K BEM = bk, 7
TRAE LW 1.25% SEALENE R I8 30 min,
I 100 °C 28Kk vk Z= A E, 105 C ML= E

. AT A B R S R 1 5 T TR AR
JFi5 1.0000 g BEARAOELIE

IKArEr i 2R GB 5009.3-2016 &S /K&
B AR DA I o

e AU e, 1) A SR AR S R

RSy Pt 228 GB 5009.4-2016 5 h R &
BN RE YA T E o

kKA W) B e SR FH 2200035, /KA (%) =
100— (& H BI+HIE i +K S3+ K S3+FEET4E)
123 Wy iionE i FH ICP-OES #:P9 il
ARNEE#HI T2 Fe, Mn., Zn, Al, Ca, K, Mg, Se. As
1 Pb (5. RIFREL 0.3 g CTS ByKBITH M, 4
U 8 mL WRAHIRIEA THIVEA# (100 °C, 60 min), $45%
1) 1 0 Y A - 1200 WIS fg (9 B —: 800 W
120 °C. 10 min; 5B —: 1000 W, 150 °C. 10 min; [%¢
BE=:1200 W 180 °C. 20 min), Pt A FRIH AL ES
F1(150 °C, 1 A THERR . 15T i 58 I IR e 7L 3
50 mL BEEGEAE T, E A G alisk) 3] 50 mL. i
0.22 um 8%, EALINAE , ASRUERE S Xl BT
CTS fEHIsZIcE & i . ICP-OES 1428 TAEZS%. 5
BRLER, 1150 W; 2R 0.55 L/min; 5 B <UARRR
i : 0.50 L/min; ¥ &1 ¥ & : 12.5 L/min; 78 # .
45 r/min; #3: Aqueous; P KBl iFR; 45 B T4
M. Axial; BESGESTE]: 15 s; 1 PEATTE]: 10 s; WAERSTA]:
50 so

TR
_ (px=po) XV XT
X= 10xm

. X 2 CTS 140K & &=, mg/100 g; px N
CTS Ff il B BT R L, mg/L; po o 25 F 0] R o B 3k
B, mg/L; V NFE T E FEWEL mL; £ 0 BTG
m SRS, g.

1.2.4 HUESFRHETIE FIYEE: S0 GB 5009.
36-2016 CESH R AR S I 2 DA TN AE o

P S5 AGH AER Y [l FH A AR ARy Lh a7k
M2, FFFEEB M. FREL 0.2000 g CTS ¥y, M
60% LI, 1:50(g/mL) AR L . EFE 3 300 W I
Z41FF, 50 °C $#2HX 40 min. 34 3E, FH 60% ZEEE %
Z 25 mL, B 0.5 mL $2H0, MR AZERIK 5 mL,
Folin-Ciocalteu i 5] 1 mL, 7.5% Na,CO; mL, FHZ%
K EAZE 10 mL, 7E 40 °C F 44 1 h, 735 nm
A OD fH. LA 10 mL WARR FEEFIREIHREE R
REARAR . P 735 nm T RYOGIE A AL BR, BRifEl
LR AT I AR A y=312.51x—16.074, P& R EL R*=
0.9997,

1.2.5 WAHIREE S EME  RInWAHIRER 5 %) 43t
KRR E ARG, SR EE L R G T S
Guteh it JE B, F I AS IR SR 7R S0 a2 CTS el =R
O AR ER

1.2.6 BERETPEM AT BB AREE S SR i B,
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275 P R B AE P O IR AR AR B, TR A5 AT Ml Rk B
61 A JCRLGE . MRBE | BRBEERIS HAEIX Srdabrtdfe
IR IR A8 A X S B P o A TR AR A BE T 1)
B PEE NG, 345 T2 CTS il SR T E PR,
XESAPERS  GFE . . B, AU, SRR
e AR, BTl B 10 WHEFRUEF T8, 2K
BT B 1 7KK T, B PRI AR L3 2,

F2 RERIRIT R
Table 2 Sensory evaluation standard
WE R bR TR
s IFIR A ST AR
% B3, H A, 46%
54 T (A TR )
Hita S ¥, EAAHHE AT (55)
SuE AT R, AR ARk e )
L BT = (343)
SURRE W IR PHRRaA)
(3 AT RRTVR, EVR 2K B R 2 RiFE0)
Il ok AT ST, Ttk | vk
i b JER M B, AN S
Rk o 3¢

1.2.7 BYrEFRFiE$E%(Index of nutritional quality,
INQ)PFHT  Ff CTS MEHIZR P E TR R SR GIXE
YT REAE L AL BB R A T LR G KT IR B R AL

AT
R EREEE
NQ= = hreE

o IR B N E IR SR/ H I zE
IR F s PR G ey B H TR AR
1.3 HELIE

ESKH Origin 2021 £:[4], IBM SPSS Statistics
27 BAFAT RN 22 | Oy 22N FE ST . BRI
REFRPRIIBE IR AW
2 GR5HH
2.1 FHELZ3 CTS BEHISEE AL FEKAIR M

A LR AS TR T A FEARA A 2] i 25 57, AN TH]
TR T 25 CTS Ml =2 Ay JEAR AL A4 20 B A 70 52 4
23 R, OP BUNE G . KHLET g FHiiE & i B S e
=, 435 14,93, 15.09 g/100 g F1 16.98 kl/g, iX J&-
T OP T2 202 FH A S5 ORI 225 i) 3 73 A —
[) e ] T s 1, AR v 5 A R e A A A AT U TR

(75%~88%), [FIsH & & — L iuREd i IR £ pd ), i
15 OP AYAB I FNREAR o 11 OP FHEF 4 & B4,
27 15.09 g/100 g, P] GESEAATIRAEA S IR & 1 58 )%
JE AN, A AR 4k I Al A= 2 o R g S 3
M. SAP RN . B H B M E & s &AL, 58
8.27.23.81 g/100 g F1 9.03 kl/g; BR/AKALE W) & 2
51, 2N 54.60 g/100 g, XA BEAZF Sl SAP T-Z A
IELEITA T. 2P ErEEm i, Sk B H EIGER IR
B Y IE 5355 22 55, B A R TR () (R S 1, 5
Y2335 TS E B K K P, BRI SRR gkt
—% . 1M SPP L2 HHLLT 4 A K AL S 1 A B AR
%, 435810 4.66. 33.09 g/100 g, AT &t frs, N
35.29 g/100 g, X FH K SPP [ AW EHE A T. 24
TR, B TS IR PSS, A )
2B SPP T M 4T dE R S AEAE W MET Y R AR
O AR R S B AT 4 S ARG, 5 BRRR, R
[FI T 25X CTS el & F=ah i 520, OP 4
B INE T . FHEFAEFIHREL & &, SAP REBsrbaa2i
A% B R EAIG, SPP oA = & I HE %, KIM . HK 1 SP
A5 b B A s A A S 2E
2.2 FHELZ3 CTS BEHISEH ¥R S EHI5 M

X AR T 20 Y B oe 26 & o, XA A
T2 CTS Il on BT E (F 4) . 45 B
7N, £ CTS Mgl e AR KM H Se JuE LU K& Pb F
As fiFEITE . AT 2RI, KIM 1 Fe. Al. Ca
JUE SRR, 43 7.71 ., 28.83 Fi1 396.2 mg/100 g;
HK &AM Mg JTCREALE ) K. Fe Al Zn JGK,
535 199.69 ., 1840.12. 6.79 F13.57 mg/100 g SAP
1 SPP HH R FR/FILER AR EAR . CTS Lid A H]
S 2N TS, 4 KBS e R & A ARRREE T
B%, Mn. Zn, K Fl Mg & R, H SPP />
W, A5 R T 71.91%. 70.72%. 59.20% #I1 60.84%.
H X — 5, 3B DR AN R ] T 2 R R S
e b LA A T 20 B AN RS AR A A 8 SR 3 B
225K, 1SR T 20Tl = 8 25 5K, itk
AW I OCER & R OEAE P, 2 B TR, KIM
T AR IR EE P 1k W ot 2 s/, HokO®: HK
T2, T SPP T i W R TR M R
23 FHELZX CTS BHlEmEREFSE0F M

NEEEEAS T YU SRR & A& B bR,
X145 125 CTS MEhIS2mbeE IR st il (15 1) o

%3 AR T2 CTS IS A2 (T 5, DW)
Table 3 Chemical composition of different pickled technology of CTS pickled vegetables (dry matter, DW)

ARREF=a HEEWT (2100 g)  HMZF4E (100g)  HEAM (g100g)  #ie (k/g) K4y (%) Wr(g/100g)  BRIKILAI(g/100 g)
KIM 12.13+0.2° 11.64+5.62% 28.69+1.77° 15.21£0.59®  6.89+0.26°  0.3078+0.0302° 40.31+7.88"
SPP 13.88+0.43" 4.66+0.85¢ 35.29+1.26° 13.01£0.67°  12.79£0.28"  0.362+0.1153° 33.09+2.93¢
HK 14.28+1.06™ 7.57+4.27% 23.99+0.76° 13.67£2.08°  10.73+0.11°  0.3009+0.0124" 43.14+6.22°

SP 13.1£0.35® 8.72+2.7" 27.67+1.3% 13.86+1.79" 10.8+0.45" 0.30120.0112° 39.42+4.81™
oP 14.93+2.65 15.09+0.47 26.32+0.86° 16.98+0.87*  10.64+0.78"  0.3403+0.0232° 32.69+4.79¢
SAP 8.27+0.32° 6.1£0.94™ 23.8120.62¢ 9.03+0.47°¢ 6.91£0.11¢ 0.3660.1116" 54.6+2.1°

T AFE/NG TR AR T2 48 4103 222 52 (P<0.05); %4l .
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K4 AFEMER T Z CTS MEHISITER 5 i (mg/100 g)
Table 4 Element content of CTS pickled vegetables by different pickled technology (mg/100 g)

N Fe Mn Zn Al Ca K Mg
FL 6.09+0.44° 11.98+0.12° 6.21£0.5 4.11+0.81¢ 391.92+2.22 2229.76+14.85" 264.38+1.22°
KIM 7.71£0.16* 7.6+0.08° 3.88+0.24° 28.83+0.73° 396.2+3.14° 1542.03+17.49¢ 157.65+1.28¢
SPP 3.81£0.37° 3.37+0.03¢ 1.82+0.15¢ 9.3342.49¢ 232.85+7.59" 909.59+28.22" 103.55+2.31¢
HK 6.79+0.41° 7.04+0.05¢ 3.57+0.19° 10.29+0.4¢ 384.05+1.23° 1840.12+8.75° 199.69+2.06°
Sp 5.56+0.08 5.32+0.14° 3.56+0.26" 9.33+].15¢ 320.34+7.82¢ 2063.68+30.53° 192.77+4.15°
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Table 5 PCA eigenvalue, contribution rate, cumulative
contribution rate and load matrix of each element

F 5 1 2 3
FEIE(E 6.504 3.55 1.699
TR (%) 46.456 25.354 12.139
ZIFTTilkR (%) 46.456 71.81 83.949
Zn 0.3745 0.0706 0.0169
Ca 0.3717 0.061 0.1849
Mn 0.36 -0.0717 -0.1036
Fe 0.3215 —0.0483 0.3307
Mg 0.2462 0.3667 -0.0123
K 0.2313 0.362 -0.0299
Al 0.2153 -0.2134 0.4941
g FE HHEF 4 0.2741 -0.1014 -0.2263
HE R —0.1749 —0.4087 0.0031
KA -0.0816 0.388 0.3268
NI 0.1533 —0.2744 -0.3936
FAew —0.2604 0.362 0.102
ey 0.3521 -0.0149 -0.2071
RIZTTi7EN -0.0173 0.3721 —0.4841
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Table 6 Composite principal component score

B B s P s B0 g
EH ER E E
KIM 2.4543 1 —1.4030 5 2.0857 1 1.0377 |
SPP —3.9594 6 -2.6301 6 -0.2315 4 —2.5343 6
HK  1.5480 3 1.0014 3 0.2652 3 1.0052 2
SP 0.4187 4 1.6397 2 —0.9388 5 0.4963 4
OP 2.2388 2 —1.0680 4 —1.8196 6 0.5484 3
SAP -2.7005 5 2.4600 1 0.6390 2 —0.5533 5
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Table 7 Overall quality ranking of CTS pickled vegetables
with different technology
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SP 24040 4 0.1305 4 11.2622 6 13.7967 4
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