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Study on the distribution characteristics of amino acids and elements in Yiwu
brown sugar and the influences of flavor substances on quality
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ABSTRACT: Objective To explore the distribution characteristics of amino acids and elements in Yiwu brown
sugar, as well as the influences of flavor substances on its quality. Methods The 6 representative batches of brown
sugar from the main producing areas of Yiwu were selected. The content of 16 kinds of amino acids, such as aspartic

acid, threonine and serine, were determined using an automatic amino acid analyzer. The content of 17 kinds of
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elements, such as potassium, sodium and iron were measured using inductively coupled plasma mass spectrometry.
Volatile flavor substances, such as decanal and nonanal, were detected using gas chromatography-mass spectrometry.
Results The maximum content of potassium, sodium elements in Yiwu brown sugar could reach 1.43 x 10* mg/kg
and 928 mg/kg, respectively. The total amino acid content of Yiwu brown sugar ranged from 0.452 to 1.390 g/100 g, and
the total content of 7 kinds of essential amino acids ranged from 0.0875 to 0.187 g/100 g.
Dihydro-3-hydroxy-4,4-dimethyl-2(3H)-furanone, nonanal, decanal and acetic acid were identified as key
contributing components to the flavor of brown sugar. Conclusion Yiwu brown sugar exhibits significantly higher
potassium and sodium content, with this high-potassium and low-sodium elemental distribution pattern playing a
decisive role in its mineral nutritional value. The notable differences in total amino acid content and essential amino
acids directly influence the flavor complexity and nutritional quality of the sugar. Key flavor contributors such as
dihydro-3-hydroxy-4,4-dimethyl-2(3H)-furanone, nonanal, decanal, and acetic acid demonstrate that their
compositional variations constitute the core factors shaping Yiwu brown sugar’s distinctive aroma profile. In

summary, the quality characteristics of Yiwu brown sugar are collectively determined by the synergistic distribution

patterns of its elemental composition, amino acids, and volatile flavor compounds..
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1.1 #RI5EF
ZIpE: L6 bk, Hidr, BENL 1~4 N ST LA

Bl ) Tl S VAR A FESL 5~6 O LT g LT
BB XL SRR AL, FUR SCE 1 S, SRk
FIE] A 2023 4 12 H o SRS 5 1L Gkt
FUBARGE G AN T 7 sk, SRk MGG R “— 7 BRI B KL,
— MR 9~11 [, F AR KB NHES ., i T L2 N e
M 2L IR TTE —be il (B ) — B BiHR — Zobl — 73 il — 5ok
) GLEAR

IRFR | THER | FrEERREN (LAl R | Bl = I (A
Bréat) ([ 2552 L AR A BRA Fl); 22 WE(2l R 98%, |-
WA OMAE AR IR A BR A WD), Bl BEL BRL BB B
BELCOEKL B AR. B WL B WL B, ATUREWREN
1000 mg/L), 7K. MR N 100 mg/Lybs ) i (= K
PRERI R ), RAEIR . AR . 2258 . TR
Ly . HEmR . WAR. SaEik. 2R, Suam.
TR, MER. KNAR. AR, BER. BER 16
T AN G FERR AR S (1 = 98%, 35 MERCK /A H)).
1.2 UE5EE

8890 S AH{E3E-7000 D [T (gas chromatography-mass
spectrometry, GC-MS) . HP-5MS {&i%41:(30 mmx0.25 mm, 0.25
pm)(3E E R R A BRA H); DVB/CAR/PDMS [EIAMAE
I3k (solid-phase microextraction, SPME)(50/30 pm, 1 ¢cm, 3
[l Supelco 24 7]); iCAP™ TQ ICP-MS Hi, JEof & 45 2 1K
& {% (inductively coupled plasma mass spectrometer,
ICP-MS)(3& [ FE Bk /R BHE 24 w]); L-8900 4= H s 2 SR
PPN, 2622 SC-PH A4 (4.6 mmx 60 mm, HA H A
A]); MARSS fR IE (32 [E CEM-MARS A H]); MX 204
BT RO 0.0001 g, HEEG TR AR (LA
PR\ H]]; Syncore Polyvap “F477% & X (Fiit: BUCHI 24 H]),
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1.3 WAL
1.3.1 “ABERERAS T F &k

FESAHTALEE: FRICCSLTERE S, 1.0 g, A5HZE 0.1 mg,
TEKMAE NN 12 mL B9 6 mol/L ERFRIETR, AL 3~4
J&, KK IRERAR YRR, B 3~5 min , RFHHESE
0 Pa . AR, SERIFRIBRL2 35, FR K A Tt K A
PN, OKAR 22 b JE, BURR I EER, BKRE, %
B % 50 mL 25, HIKE 2R, BRI 1.0 mL
ISR AR] 15 mL KGN, TPPATZERTE 45 °Chnfass
B R T, BRI 2 mL KM, FREURZET, Bn
JA 2.0 mL FFEIRENGE PR (pH. 2. 2) 15 ff75 T4, Vi
Wit 0.22 pm B, FR B SRR,

FIPRITINSE: A3 2622 SC-PH (4.6 mmx60 mm ),

ESHARL 500 uL, IR 135 °C.
1.3.2 ol EN gk

FEMATAL B PRI SLTHEFE, 0.5 gOR5Hi 2 0.1 mg)
T RN, A 5 mL 48R, InsEi B, e
HESE, 1E 120 °CIHf# 10 min, FEFHEZE 150 °CHEf# 10 min,
BIEFHRE 190 °CIf# 20 min, BEIFHUE, 18T H i
WHER, AR IR B AR L, T 100 °C IR
30 min J&F, KEIH AR K E 25 28 25 mL Ao,

ICP-MS £ff: & FIRSHE 15.0 L/min; IR
W 1.17 L/min; SRAEIREE 8 mm; HHBIER 1300 W, 43 Hrint
] 0.1s; Z5fbaIAE 2.0 °C; W% 3; EE W3 K.
1.3.3  4oABAE LRk Um 2 7 ik

FESLATALTE: 22 SCHR[22,27-30] 05 BRI ol .43
BUMERRRELLINE 3 (B AROIR)E T 20 mL HH Tz,
BN 2-2E8E(1 pL, 1 mg/mLWWE RN, FEMRE .

SPME £f%: #£HURtE] 50 min; MIFGREE 60 °C; &
ABIHE] 3 min; AL 250 °C; W FEAFIA] 5 min; Nk
Bf1A] 15 min.

OFEAE AFEH: HP-5MS (30 mmx0.25 mm, 0.25 pm);
HERE IR 250 °C; AriBist: ANorim; R AR EE
=99.999%), A, WE: 1.0 mL/min; FHEFE)F:
FEFTHR: 50 °Cff4F 1min, DL 4 °C/min FF 3 120 °C, {14
2 min, LA 4 °C/min F+Z& 200 °C, {54 2 min, A 15 °C/min
FtZ 250 °C, £RFF 5 min.

Bkt P REE T, BT 70 eV, BT
JRIRLEE S 230 °C, fEHERIRE )y 280 °C, Wit FEh
m/z 29~450 amu,

1.4 IR

R DR J5 943 10308 2o 1 P9 L ) NIST20 A ife

E?ﬁﬁ’l‘"?ﬁi TE JE B 1L BT 1] ) € 3 e 0 o 4

fiﬁc%%, L 2R B AR, SRR E Dy i
AXBATHE .

m= m 0
15

S Ay F A 43 B R S AR R A A R SRR 1
VT m A0 mg 43 B R R S b 45 R ML A R S BRI 2
i, ng/g.

LR & W IT A, TE o Sk R AR o A IE P AR AR
CalMol fU1H, FIRHEAZNQIE IR &, ¢/100 g,

_ 50x CalMol (2)
wxax100000

o X ORISR & i 50 O R B CalMol 4
SR A 0 T RS DA AR, 3 e S R b v R A AR A w
FRERLTER, @ a NEMCR, %; B P bR R A,
M5E 3 YOS H5(E, PR LATE 2 (B b R

JCE A R AL A A A B R Y
AR E PRI, SRR 3 K, BOEHIE.

2 HRED

2.1 REBRAYLERRFHE

XL E IR AR 1o N 1T ATLUEH, 4k
Krins 16 Fhrad i, SHMAEEMEE: F£H 1R
0.896 /100 g ek 2 7 1.389 ¢/100 g FEfH 3 24 0.872 g/100 g,
Kl 4 47 0.452 g/100 g FEdh 5247 0.689 g/100 g il 6
41 0.543 g/100 g, “F¥ & EH 0.807 g/100 g, #F 2 SR

BETEECY 0452~1.390 g/100 g, REARBRHB AR SRR
&, 2r92h 0.2234~0.8288 g/100 g %ﬂ 0.0768~0.2008 g/100 2
KEDR R . iR . AR .
AR . BABRIL 7 Fhb T H R, 7%11% %%HE
o}y 0.0875~0.1870 g/100 g, HATFH
TR 14.7%, UKW%@&*H%%@&?@E ﬁjﬂhﬁ

FRIY 2.94%F1 3.90%, LT AILRR T, KRR %
1% 0.8288 /100 g, @aﬁaﬁ%ﬂ@i@%ﬁ%;@@aéﬁﬁ
ik 68.8%, FLA B AEEMRERAE; &HE 0 M 2 FEmR 2 Al 22
SR, BEGh 2 B RS, TTRESEZJEREH AN i
TR Fii 4 BE Rt AR S HAR R
TR R A 2 BE R R A A G
22 TEMSTEHE

XL LR AL 2, NE 2 ATLIEH, 17 b
JTCEW, B 5. B, B BE. 8L 8K ER. B w«lﬂll{ﬁ
ME. M. f. . %, %, &, REAReL, s
RFIEERK, 5 GB 2762—2025 <<'§”2’<4>l£l%fﬂﬁ
PSR RE ) M, 5. . MEESEI RN
TRREZER, KRS i, HR oM. 8. 45
&, 8. B BETEAANERRERER, TSR
BERFE S T T 2R XK. B E & EE N
7.80x10°~1.43x10* mg/kg, 6 MEREIIME A 1.15%10* mg/kg,
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F1 XEOBEHEEREEN=3)(g/100g)
Table 1 Amino acid content in Yiwu brown sugar (n=3) (g/100 g)
AR FEdh 1 R 2 FEf 3 F i 4 FEf S FEf 6

REA R 0.3880 0.8288 0.5067 0.2234 0.3930 0.2581
TR 0.0101 0.0222 0.0125 0.0080 0.0092 0.0111
225 0.1870 0.0470 0.0206 0.0123 0.0154 0.0165
A AR 0.1268 0.2008 0.1301 0.0768 0.1125 0.0875
HaER 0.0167 0.0272 0.0200 0.0129 0.0148 0.0164
R 0.0524 0.0654 0.0401 0.0222 0.0427 0.0314

PR 0.0000 0.0046 0.0000 0.0000 0.0000 0.0000
eI 0.0299 0.0479 0.0348 0.0221 0.0284 0.0258

R 2 R 0.0036 0.0063 0.0048 0.0029 0.0031 0.0038

RILAR 0.0106 0.0205 0.0144 0.0081 0.0100 0.0114
SRR 0.0155 0.0291 0.0208 0.0137 0.0137 0.0197
Ji% R 0.0052 0.0094 0.0081 0.0068 0.0039 0.0056
RINAR 0.0222 0.0286 0.0248 0.0217 0.0190 0.0260
IR 0.0149 0.0225 0.0169 0.0128 0.0128 0.0159
HAR 0.0066 0.0138 0.0082 0.0049 0.0058 0.0065
ITEAY 0.0063 0.0147 0.0090 0.0035 0.0050 0.0070

AL R 0.8958 1.389 0.8719 0.4519 0.6892 0.5428
F2 NBOEPHTEZE(N=3) (g/100 g)
Table 2 Element content in Yiwu brown sugar (n=3) (g/100 g)

JLH Fdh 1 FEdh 2 FEih 3 FEiih 4 K S FEih 6
il 7.80x10° 1.43x10* 9.80x10° 1.26x10* 1.10x10* 1.26x10*
5 238.00 288.00 444.00 294.00 280.00 440.00
kel 457.00 928.00 501.00 513.00 130.00 832.00
B 242.00 292.00 488.00 344.00 384.00 480.00
B 6.38 3.10 9.81 2.28 3.75 2.76
i 14.70 34.80 11.20 6.77 11.80 36.00
7 19.60 33.10 34.60 28.60 22.10 38.90
%k 23.40 28.20 37.20 27.10 41.20 27.20
B 56.50 56.70 57.40 45.40 50.60 75.60

e B E REBR S 0.030 mg/kg, FRMYERFR SN 0.003 mg/kg, #RME RN 0.500 mg/kg, % ME R 0.200 mg/kg, 8 15E HE RN
0.030 mg/kg, M E fE R K 0.005 mg/kg, #iiYE RFR A 0.200 mg/kg, #5114 E 7R H7 0.050 mg/kg.

FEdh 2 BB R, B PR ] REAR TR E RN
{E, {HATREXT RXUAFZ IR . A5 R 130.00~928.00 mg/kg, HE
41 560.00 mg/kg, FEAL 2 PN AR, FNREIETRTEIR, (Hil
TEATRBAORIEA, W RSO XU . BE S
3510 372.00 mg/kg F1 331.00 mg/kg. WERICREE. .

ERTEE 309 4.68 mg/kg . 57.00 mg/kg F1 30.70 mg/kg,
BT Y. . SRFELTFITRER I EEAR, 550k
6.77~36.00 mg/kg F1 19.60~38.90 mg/kg. #i. fi. . 4.

B T RATCRARG, HERET A ERR, 5
GB 2762—2025 ML, 5. #. i, K. . BELSRTEY
EFRREZR, R RAEES RIS L2k
o SCELUMHFFETCR AN . BRA5 . BRAD . BAG . BEREL
TGRS 15.10~84.60, 1.01~1.37. 0.80~5.00. 1.00~3.00,
5.85~27.40 1] 7= Ml 5 f g I BRI A A3
2.3 RUBRYIRRZA R

SCE LR R A R A o 4 A B B i IR 3, A
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kI ) 28 FE MRS Y, FEREERS . B B WRARESL A S5-I SE-2- kg P L 1-(1H-ME g -2-3E)
KM RERAIME WS HARS R 3 PR, ZH; ZERTERESD 1.2.3.5 FE iR, TReH kIR, 4P
T, Z5MF . TE-3-F -4, 4- T F K2 (3H)- Wk g A 7 I AW CBEERTA RS TR, SUESE, BrAs 4R
A RESL R AR, O S 2T XU B 5% B Tk 2 48, FHR BRI TR 05 R e

#3 NESOEPHZELM XK R (pg/ke)

Table 3 Volatile flavor substances in Yiwu brown sugar (pg/kg)

HERMALE Y CAS & FEdh L MR 2 BERN 3 FRMR 4 REML S RRMG
LR-3-HHA BE-2- T iR 1000151-29-7  0.08 0.72 / 1.73 / /
R 2-F23E-2-F 3E- 2 1 80-55-7 2.44 / 7.15 / / 4.60
LR HER 553-90-2 / 1.33 / / / /
LIV EIR LT 1000-84-6 / / 4.85 0.39 / /
1,2-T8 i — R TR 53818-14-7 / / / / / 6.66
KB R — L 84-66-2 6.90 4.40 8.34 6.45 3.77 5.78
2- T k1R 40780-64-1 / 1.10 / / / /
3-H A SE-2-T B 53778-72-6 11.38 / / / / /
5-FH -2 - g FH 3857-25-8 / 2.66 / 6.74 / 8.99
2- T AR 3913-02-8 / 0.69 / / / /
S -1,2-2R 42565-22-0 / 0.80 / / / /
R -2-C H-1,4- % 41513-32-0 / 1.48 / / / /
a0~ F DR 617-94-7 / / 0.79 / / 0.70
3 584-02-1 / / 1.49 / / /
2-FH -4 -2 - 624-97-5 / / 8.30 0.86  21.37 /
IRBE 1502-05-2 / / / / / 0.95
S 112-31-2 1.10 0.78 1.24 0.87 0.84 1.91
T 124-19-6 2.17 2.49 3.01 3.38 4.56 3.32
Z 64-19-7 9.59 5.56 6.37 0.63 2.83 /
TA-3-FRFE-4,4-— H 3E-2(3H)- TR 79-50-5 5.27 5.24 6.99 6.54 9.66 6.36
1-HR L IE-4,4-— 2 R E-2- T -1 55402-05-6 3.14 / / / / /
6-H H:-2- Bl 928-68-7 / / 1.20 / / /
2,3-&-3,5- T Kk -6- 1 KL -AH -l Rg -4 - 28564-83-2 / / / 1.79 / 0.97
2,5-3(1,1- = H B 258 - 2R By 5875-45-6 / 0.49 / / / /
3,5-3(1,1-Z 3 2 58-Ik By 1138-52-9 / / / 0.47 / /
1,1- I e 57-14-7 41.18 / / / / /
1-(1H-ME g -2-55)- 2L i 1072-83-9 / 0.68 / 1.15 0.89 1.75
1,2-Z H AR - T e 7778-85-0 / / / / 6.16 /
e ARR K
3 e 5gEn FIERE A THOR A, HEFIRZUE IR (R AR+ A R)

AR, ZEF S AR SRR 68.8%, X

AWFSE SR 6 R LS LOBRE L RGN T, PR T S LT B HE G WA (A O Ak 2 SR, X n] B L X

IR T SRR . 0 B R KR T L BURAAE, ) ST HAth = X LOBE NS 78 . R LD R IE . —, 1A
BT T 3 B Z 000 P9 2RI 2R B LT 2T W R o 1) 98 3 LT HUERAR S SRR AT B b R R A, RIS, A
1 T 58 R B L S 210 () 2 B B (O 44 0.807 /100 g) M2 TRNER . AR 7 FhbTr &I, WPa—
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