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Abstract: In order to explore the physicochemical properties and nutritional components of Xinjiang black bee honey from
different production areas in Nilka County, the physicochemical properties and 14 kinds of vitamins, 10 kinds of minerals
of honey samples from 7 geographic origins were determined in this study. The results showed that the glucose and fructose
(=1.14 times industry standard minimum), amylase activities (=5.91 times industry standard minimum), sucrose (<
1.24%) and water content ( < 18.5%) in honey samples from all origins were much superior to the relevant provisions of the
national standard (GH/T 18796-2012). Vitamin E (0.146~0.290 mg/100 g) as one of fat-soluble vitamins was only detected
in the form of delta-tocopherol; vitamin B, (0.061~0.159 mg/100 g), vitamin B, (0.023~0.064 mg/100 g), nicotinic acid
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(0.263~1.909 mg/100 g), pantothenic acid(0.142~0.293 mg/100 g )and folic acid (2.185~14.564 ug/100 g) as water-soluble

vitamins were detected in honey. Mineral determination showed the properties of Xinjiang black bee honey in Nilka County

had high potassium and low sodium (potassium-sodium ratio mean 21.37), high calcium (mean 40.634 mg/kg), and rich

selenium(0.047~0.243 mg/kg). Principal component analysis and cluster analysis showed that honey from seven different

producing areas could be divided into four categories by the detected vitamins and minerals, with distinct characteristics

among the major categories of honey. Nilka Xinjiang black bee honey is rich in vitamins and minerals, which has great

potential to develop as local characteristic honey.

Key words: Xinjiang black bee honey; nutritional composition; physicochemical index; principal component analysis;

cluster analysis
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Table 1 Source information of sample
FEX AR BT S B 7 FEMBLIE /NI FREl EAREN BT RFRATA I
P> Al A2 A3 A4 A5 A7 A8
=7 43°50 43°48' 43°46' 43°45' 43°44' 43°38' 43°42
K& 83°24' 83°27' 83°28' 83°31" 83°40' 83°31' 83°54'
MR CK) 1706 1699 1804 1706 1871 1772 1938
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SAS A SAS 9.4 SR T ST ANRIE ST
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FHEZATWAREME T 4 mL/(g-h)), TR A2

7RG, HAEFEEATIARIER 6 4%, 1S PHE = i
AS PEXIEATIARUER) 9 f522, #(E R 33 mL/(g-h)P,
1o T RRRA BT X 7 Bl ) 1 PE b i 24 405 2 T Ay 1l
WiPEYME 19.57 mL/(g-h), W JE 3 7T i B e e 4
FESM B AR = o 7 D77 XK S & BT S E ZAT
MVARE(— BB AN T 20%), A8 FP7 XM B /K 4 &t
FAK, N 17.7%, 2 BH JC 3 5 i R e e 8 I HLAT
T A G o TR SR O e TR AT AR
HECAIET 60%), AS 7= XI5 JFUNS & e R A T
VAR 1.22 47%, 500 & B, 255 B AR
K s 7 A7 X 8 LA LU B A3 7= X A6, BILT
1.20, A3 =X 544 Hetne i o 1.29, %8 b SL% Hh ek
AIG, DU 25 0 25 oy e = 485 7280, S A RS R BHOK 4
EHAIRT 18.7%, M RIFEZR 5 K A= 45, 7 47
DX J& 8l v Hr it A g i K 4y B R IR | T 18.5%,
TATEIX PR L A2 72X (1.14) Fil A8 77 X
(1.15) 8 2 e Ik, A2 77 X (17.9%) 1 A8 7= [X
(17.7%) 7K 53 & B RAIR, Rtk A2 F A8 7 X g4
TR Ty RAESE fh o BEREBR A3 7 X R I 2
1.24%, KT E AT ARE R BT 5%) 2, HAoth45 7=
DX P AN 281), 2 HH & 1) o it M A A S il v
FEBEC L AL IR R, HICHERHB I, I =X s
THHE BR800 T B KA TV A R a2 09 BR 2 18 (GH/T
18796-2012) .
22 HHEZREZENH

XA 7= X e g vh 5 RGP 2 (AR
A, p-iE NE 4K D, 4R K EGEE . a2k
B p-E B W) MigeA 2 KOV TR, 55 AN 3
FRe B A7 PEIXSR, I r= X AU R4 E 2R B, Ha
FRLL s-AFWIEAAAE, & E~ 0.146~0.290 mg/100 g,
B w4 A2 2 & B AE AL T A4 77 X JA] . A2 il
A8 JIX [ ¥ JC W EF 22 7 (P>0.05), A3 77 X f i,
EHik 0.290 mg/100 g, A8 IR=Z, A7 r2 R I 2 AR K
MBI IEF e . 48423 E EIRN S B P
b AR RGN RGECIVEM ., ey
B R W AR S b YA R B S A R e R
R AT BB ST, IRIHAEZE 2R B SRIEARR
MONFRETE . W T YA R R YA R B, g
B RRVE LA R A U, LT AR 2 T IR A H NE
PEAEAE R0, e vh g A 3R F Ok | T S e Y,
HEJE ) v s B i g th 4E A 3R E 5 R B AR
YIRS OFR ISR S A 5
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Table 2 Physical and chemical indexes of Xinjiang black bee honey in Nilka

EEaD Al A2 A3 A4 A5 A7 A8 e FrifE
VEM B VA T AR i AR 8.98 5.91 9.40 8.85 9.28 7.65 7.44 -
TR AT AR e A (™ 1.17 1.15 1.16 1.14 1.22 1.18 1.17 - GH/T 18796-2012
IKAT %> 18.10+0.14% 17.90+0.14* 18.30+0.14™ 18.50+0.14" 18.10+£0.14% 18.30+£0.14® 17.70+£0.14° <20
SA 1.17 1.14 1.29 1.18 1.19 1.18 1.15 - -

e NDW ARG H ARRVING SRR R 25 5 3 ™ AR AR R 5 E R AT ARE (GH/T 18796-2012) SRR B 1Y L
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Table 3  Analysis of fat-soluble vitamin content of Xinjiang black bee honey in Nilka

Y% Al A2 A3 A4 A5 A7 A8

41 ZE(mg/100 g) 0.154+0.010° 0.254+0.003 0.290+0.009" 0.146+0.007° 0.228+0.005° ND 0.264+0.006°

OB (mg/100 g) 0.154+0.010° 0.254+0.003 0.290+0.009" 0.146+0.007° 0.228+0.005° ND 0.264+0.006
a-"EH ) (mg/100 g) ND ND ND ND ND ND ND
7-EEH (mg/100 g) ND ND ND ND ND ND ND
S-S N E (pg/100 g) ND ND ND ND ND ND ND
44K, (ng/100 g) ND ND ND ND ND ND ND
i ED(pg/100 g) ND ND ND ND ND ND ND
A4 FE A(ug/100 g) ND ND ND ND ND ND ND

TE: NDAARK Y, FATA NG AR 22 7 .35 (P<0.05); 34, 3851,

XF T e R s T 9 FhoK I E4E A TR
M, 25 AN5R 4 s R sz B, EER .
YA B, M L(H-PURIMAR . e TR g 2
R S K LA 2R 2 B iRgiAE ==, H LR
TR, ZRIRZ .. 4iEFE B, UL A4 7P X SR
7, 35 0.159 mg/100 g, 5 HiAfth y= X [A] 22 55 & 2%
(P<0.05); A3, A5 "X IRz, H - F WMo #FH2E5
(P>0.05); A2 F=IXARK s 44 2R B LA AS PZ2IX &
B, N 0.064 mg/100 g, A4 = XIRZ, Al P2 X5
R oA 0.023 mg/100 go KRR . IZBRFINERILL A3
FEX SRR, /3 1.909 mg/100 g, 0.293 mg/100 g
1 14.564 ng/100 g, H. 45 3 5 A ™ X [A] 22 5 I 3%
(P<0.05); Al. A4, A5 Fil A7 77X Z MIHHER & &
WBEZEF(P>0.05); Al 5 A2 77X, A4 5 A8y X
(B2 B & E A J0 i 35 25 57+ (P>0.05 ) s MR S 5= IX.
] 2% 55 1. 25 (P<0.05), A5 77 X & ik, J 2.185
ng/100 g.

SCRRIC AR P 4R R TR B iRgEAE R ANk
A FE C AP, (B2 &) v B i R g e R T = F
B G4, R B 4EA 3 C, HnTgeAY R A 2%
A TRAR ) 1) R 22 s 2 vh g 28 P SR . AR A
Jifg S5 4l HLR AR Y. B i 4 R BB B SR LA S e
71, WEIEZ IS SRR, Hoh g B
iU 14558 1 SERTE S i P 12 BRI G i 3R B, B
ARIENGYT HIEBUZE R, RIS 4E A= 3R B, il

HerE 2R B, AT BEE el OO 1 TE v e i IR 2 e A
PR SR AR T, W BT B SR G e B A PR L 12
BRANNER K. Vg, 1 Ve, IR S22 R Ee= ik
AkA= 220 IR A SR ela s Bl
23 HHIREENH

o JE I S B S SR G W AN S P Y 10 FR T T
TR TR, G5 IR LR 5. SR O i SR e e R
G O BETE 34.241~61.853 mg/kg Z 1A, 5 TPhHTE
SED A PRI AT AR 22.1~31.7 mg/kg, = THE &
FEAERS HOE TS 2 27.71 mg/kg; LL A7 PP I EE
B, 15 61.853 mg/kg, ILIT F KA Al P2 XA
2%, Al A4, AS Fl A =X Er&E 2z (Al o i 25 5
(P>0.05), A2, A3 Fll A8 F=IX Z [a]45 & o JG i 35 22
(P>0.05) o BEFE 7 Dr= X HBERK Y, A ESR
HRAE(GB 14963-2011) <25 mg/kg FIHLAE .

FH3E 5 Al A, 8 A7 P IX & E RS, A3 PP Xk
ZL A2 PEX AR, AL A2 PEIX S EIC R E XS
(P>0.05), A4, A5 1 A8 F=IX Z [a] & Jo i #2255
(P>0.05); #7E A3 = IX &Ik, A8 /7 X & fx
B AL A2, A4 A5 Il A7 PP IX 2 8] & TC 3 24
5 (P>0.05) . JE 0 o B o R 04 e B Lk oAE
10.33~44.57, A3 =X ufE e i, A8 7= IX R AIX, Y(E
S 21.37, @ T CHR ISR EE 1Y 9.98 ., 8 R e 1Y
2.91. ZFELEEN 14.97 . FHZKEN) 11,7957, A3 j7 X%
FEA AR L ED 28 0 T SR P AR AE 2R 1Y 43.09 R 2

K4 ORI KR TR R A

Table 4 Water-soluble vitamin content analysis of Xinjiang black bee honey in Nilka

Herk % Al A2 A3 A4 A5 A7 A8
4= £ B,(mg/100 g) 0.0910.002¢ ND 0.126+0.004°  0.159+0.002*  0.125+0.001°  0.061+0.002°  0.115+0.000°
4i/E: 2 B(mg/100 g) 0.023£0.001¢  0.031+0.000°  0.040£0.001°  0.058+0.001"  0.064+0.001*  0.025+0.001"  0.037+0.000°

JHR (mg/100 g) 0.575+0.008°  0.263+0.006°  1.909+0.090°  0.582+0.029°  0.536+0.004°  0.519+0.018°  0.674+0.029"

1Z R (mg/100 g) 0.175+0.003¢  0.166+0.000°  0.293+0.011°  0.210+0.002°  0.142+0.001°  0.195+0.004°  0.210+0.002°

MR (ng/100 g) 5.721£0.023°  2.83140.052°  14.564+£0.262°  4.764+0.005  2.185+0.009¢  4.078+0.085°  7.12140.085"
Y B (mg/100 g) ND ND ND ND ND ND ND
HEEFB, (ng/100 g) ND ND ND ND ND ND ND
AWK (ng/100 g) ND ND ND ND ND ND ND
L(H)-PUIR LR £ 3 (mg/ 100 g) ND ND ND ND ND ND ND
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Table 5 Mineral content analysis of Xinjiang black bee honey in Nilka
JLER Al A2 A3 A4 A5 A7 A8
5 (mg/kg) 34.241+£0.643°  41.220£0.325°  39.754+2.432° 34.341+1.274° 34.873+0.696° 61.853+3.168" 38.160+0.251%
i (mg/kg)  335.853£22.994° 325.419+1.443% 875200+51.842° 477.288+32.316° 461.251£25.296°  1060.811£14.379°  443.340+25.145°
#H(mg/kg) 29.016+1.946° 25.909+1.237° 19.636+1.205° 28.570+2.014° 26.829+0.043° 28.931+0.769° 42.920+2.774°
AL 11.57 12.56 44.57 16.71 17.19 36.67 10.33
fifi(mg/kg) 0.121£0.002° 0.120+0.000° 0.243+0.011° 0.082+0.010¢ 0.109+0.001™ 0.047+0.007¢ 0.096+0.004°
#(mg/100 g) ND ND ND ND ND ND ND
il (mg/kg) ND ND ND ND ND ND ND
#(mg/kg) ND ND ND ND ND ND ND
#h(mg/kg) ND ND ND ND ND ND ND
#(mg/kg) ND ND ND ND ND ND ND
B (mg/kg) ND ND ND ND ND ND ND

B 43.368%% A1, A2, A4, A5 Fil A8 P= X AP L&Y
T 20, WFERW], & S e IRel &4 288 n.co ol
B S LS AR R A LSRR, & FH S I
B AT TR A e I AR S Y LT — Ak
A W FE-1 KOV, B ERE R, Rk )Je e
H8IX 114 357 S L e e B T L o v I R AR

%%7}/@0
FHER 6 RIA, Je ol v it I e e R Al Y 5

> 0.047~0.243 mg/kg, 75T Tuzen 2347 st +HH
AN TR HB X e BT 25 B 0.025~0.113 mg/kg, Solayman
AEUN ZER T ok A4 ER 6 RN 37 RS b B
Ak BT Ry R 1 SC s, R Al A B YE L S 0.00~
0.01 mg/kg. X T & MWiteEE, HETAEA FHCEZ 6k
Al bR, X LG PIA T B 7 58 A AR bR v, 455
J P AR o o Xt g 25 5 G 11 B2 SR 8 b 45 A3 AN T] L (HL
7 A7 DX JE A SR i R e e A R, L
A3 PEIX IR S B 0.243 mg/ke, 56 EiRRA
T A B G 5 A B R SR, AT E O B A
A3 77 X B R e, g HA ) X ] 2 S e
(P<0.05), Bl A7 PP X 5 %22, Al 77X
W2, Al A2 F1 A5 F=IX 2Z[a] . AS Fll A8 y= X Z[H],
A8 Tl A4 J# X Z Al & 5 J0 3 25 5 (P>0.05) -
TR B AL T MEITTEZ —, BAbiE
&L b, BERRGeRE ) L R o PR IR A
ARG I AR S DI REAES N R A TR i
BEASYA Y 1 B G et FPRAR R SR O S BE T RE, BEAIK

ML, AL RAR A BH iR K S, Ha R4
HRLITIRIETCY . A SR A 43R JCH LA AN AT A LA,
TEHLAEE R VE FHB I, RISCRCRAIR, 4R mERLG . 32
ZEGSE R AT SR s AU R SR AL S 2
FPREE G )5, AR 2 BRAFAE , NIRRT, 224
= AR 2R A E A R AR AT
RYEAIIRE, \o 5 IEEZLS RN O R B0 25 F
HAAYTRemIi R S SPURS MY,
EE SR AR NS H B AT A 50~250 pgh™,
AR 2/3 b IXAEHEE AR S (IR, b Ab e
LT s WA - Sl R (11 =27 3 E B N (B N W U ey
M) R PR

T AR e PR o B e = P H, HAr A AN, - igErh
i & EAE 0.003~9.483 mg/kg Z|H], BT H PG &
B ALM 6 B - SEAR B YR S A PR A F oY R
BH, 5 98% 1 Hh X hy & ATt ol A AT 715 JE il o L PE R A
vaAbE g B B B I A A AN S i R T
W2 T ) B AR IS S AR ORI B R
FERSEA F H T AR R0, SR, AN
RGBS =2 s o NI ISP IR 1) I = ¥ ol = 5575 ] e 6
TERIA LR, AT I8 06 264 R i [ 1 Hb, e v
il o i oA 47~243 ng/kg W, PRV 2RIk E
EL AR IH I B AT b DX, 7= [ 22 R b DXy e i 5 b
LA 1.483~43.326 pg/kg®,  JB 4 v T 55 B e e
SE P R R i e e N S R B S E Y 15 A,
FEHHIZ I X HAT = 5 Ao I, LA & R w it iy

F 6 R T R e e N 5 h A% £ PR 2R (mg/kg)

Table 6 Selenium content of Xinjiang black bee honey in Nilka and limit requirements of selenium-rich food (mg/kg)

FEIX i 2 it #1160.2~2.04% T K0.01~0.30 %2 1E0.01~0.501 I 750.01~0.10) 17 (FA14)0.075~0.8501!
Al 0.12120.002° N N N N

A2 0.120+0.000° N N N N

A3 0.243+0.011° N N N N N

A4 0.082+0.010¢ N N N N

A5 0.109+0.001% N \ N N

A7 0.047+0.007° N \ N

A8 0.096+0.004% N \ N N
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Table 7 Correlation matrix eigenvalues
FSr FHIEH U5 % Rit ik
Z1 4.710326 0.4710
z2 2.610213 0.7321
z3 1.667507 0.8988
Z4 0.541629 0.9530
z5 0.396491 0.9926
Z6 0.073834 1
z7 0 1
Z8 0 1
Z9 0 1
Z10 0 1

22&, 771X A3(K 3 71 OB3) #il A7(®l 3 /7 OB6) K
—25, Hofthy= X R—28; RIS EN 0.4 B, E47=
XA PuZE, P2 A3 Sh—28, s hrim A i L A

3 Fr7s . MEEREE N 118, 47Xk BRIZIR . MRS RN, 77X AT 2K, R
8 EWMI I TRHIE )
Table 8 Principal component analysis eigenvectors
sk L ]
Z1 z2 Z3 Z4 z5 Z6 z7 z8 Z9 Z10

X1 —-0.121 0.540 0.247 0.295 0.082 0.504 0.124 0.088 0.352 0.371
X2 0.396 0.005 —0.328 0.090 —0.429 —0.257 0.189 0.146 0.648 0.000
X3 0.280 0.393 0.264 0.406 —0.228 —0.100 0.213 0.076 —0.367 —0.534
X4 0.286 —0.233 0.438 —0.281 —0.522 0.160 0.168 0.087 -0.263 0.435
X5 0.257 —-0.339 0.430 —0.196 0.375 0.265 0.106 0.248 0.358 —0.430
X6 0.090 —0.468 0.260 0.701 0.136 —0.200 —0.034 —0.304 0.072 0.236
X7 0.451 0.118 —0.007 0.044 —-0.056 0.182 —0.863 0.000 0.000 0.000
X8 0.398 0.220 —0.004 -0.074 0.527 —0.432 0.109 0.367 -0.173 0.383
X9 0.429 0.161 —0.111 —-0.223 0.192 0.156 0.256 —-0.775 0.000 0.000
X10 0.219 —-0.278 —0.553 0.272 0.083 0.539 0.203 0.260 —0.298 0.030
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Table 9 Principal component scores

Obs Al A2 A3 A4 A5 A7 A8
Prinl —0.21444 -0.94116 2.11703 0.03172 —0.21932 —0.73181 —0.04203
Prin2 —0.17903 0.33456 0.59899 —0.89407 —1.2877 1.71891 —0.29165
Prin3 —0.1728 -1.6726 —0.30611 0.96245 0.54963 1.2269 —0.58748
S ik
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Fig.2 Scatter plot of principal component scores
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Fig.3 Dendrogram of cluster analysis
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