Supplementary Material:
Table S1. One-way analysis of variance (ANOVA) of stable isotopes, saccharide contents, and elemental compositions of honey samples grouped by sample origin and botanical type. Element contents from ICP-MS are given in μg/kg. The values in the table are expressed as mean ± standard deviation.
	
	Sample Origin (Region)
	Botanical Type

	Variable
	Beijing (n=12)
	Hebei (n=14)
	Shandong (n=21)
	Shaanxi (n=22)
	New Zealand (n=16)
	[bookmark: OLE_LINK15]black locust honey (n=47)
	rape honey (n=22)
	mamuka hone y(n=16)

	[bookmark: OLE_LINK16]δ15Nprotein (‰)
	3.19±0.91b
	1.56±1.35a
	3.63±0.69b
	3.12±0.53b
	1.36±0.85a
	2.90±1.32B
	3.12±0.53B
	1.36±0.85A

	[bookmark: OLE_LINK14]δ13Cprotein (‰)
	-24.96±0.78c
	-23.19±0.52e
	-24.31±1.15d
	-27.37±0.47a
	-26.70±0.55b
	-24.14±1.12C
	-27.37±0.47A
	-26.70±0.55B

	[bookmark: OLE_LINK13][bookmark: OLE_LINK9]δ13Choney (‰)
	-23.99±1.84c
	-22.87±0.51d
	-23.47±0.79cd
	-27.43±0.90a
	-25.20±0.33b
	-23.42±1.15C
	-27.43±0.90A
	-25.20±0.33B

	[bookmark: OLE_LINK11]δ13CFru (‰)
	-23.85±1.73c
	-23.39±0.50c
	-23.61±0.78c
	-27.50±1.02a
	-25.43±0.47b
	-23.60±1.04C
	-27.50±1.02A
	-25.43±0.47B

	δ13CGlu (‰)
	-23.40±1.51c
	-22.88±0.52c
	-23.33±0.85c
	-27.65±1.00a
	-25.18±0.50b
	-23.21±0.99C
	-27.65±1.00A
	-25.18±0.50B

	[bookmark: OLE_LINK12]% Nprotein (%)
	7.23±0.14c
	7.38±0.11c
	7.39±0.20c
	6.57±0.55b
	5.56±0.92a
	7.34±0.17C
	6.56±0.55B
	5.56±0.92A

	% Cprotein (%)
	33.80±0.59c
	31.18±0.70b
	29.85±0.88a
	32.47±3.40b
	35.30±1.02d
	31.26±1.77A
	32.46±3.40A
	35.30±1.02B

	% Choney (%)
	33.71±0.46c
	32.70±0.87b
	32.51±0.53b
	31.39±0.87a
	34.33±0.36d
	32.87±0.80B
	31.39±0.87A
	34.33±0.36C

	[bookmark: OLE_LINK10]Fructose (%)
	40.10±1.76c
	41.59±1.29c
	38.61±2.62b
	33.37±2.01a
	40.94±1.10c
	39.88±2.41B
	33.37±2.01A
	40.94±1.10B

	Glucose (%)
	26.64±2.40a
	27.94±1.17b
	28.04±1.41b
	35.48±1.97d
	32.10±1.08c
	27.66±1.73A
	35.48±1.97C
	32.10±1.08B

	Na
	34497.16±6086.09b
	9686.59±2883.14a
	15210.09±5809.28a
	11866.69±2323.98a
	57089.38±13298.64c
	18489.15±11010.00B
	11866.69±2323.98A
	57089.38±13298.64C

	Mg
	17604.83±2317.51bc
	10320.64±3277.40a
	15055.82±4896.90b
	20685.49±2740.77c
	28553.42±7031.49d
	14296.15±4761.86A
	20685.49±2740.77B
	28553.42±7031.49C

	Al
	2189.28±514.67b
	1061.33±202.94a
	739.52±316.09a
	440.46±123.79a
	3474.50±2169.65c
	1205.53±690.18B
	440.46±123.79A
	3474.50±2169.65C

	K
	535663.59±93498.43c
	251174.94±39103.52a
	351744.07±119919.54b
	192061.87±28871.41a
	846866.21±159633.19d
	368745.48±142766.38B
	192061.87±28871.41A
	846866.21±159633.19C

	Ca
	15196.14±3133.65c
	7746.55±2307.89a
	8819.68±3292.16a
	12060.35±1666.48b
	32459.79±3112.77d
	10128.05±4215.92A
	12060.35±1666.48A
	32459.79±3112.77B

	V
	7.62±2.13c
	3.85±1.80b
	2.19±0.53a
	1.68±0.58a
	18.64±2.71d
	4.07±2.65B
	1.68±0.58A
	18.64±2.71C

	Cr
	16.43±2.99a
	17.52±6.81a
	12.86±5.08a
	14.06±3.30a
	39.18±12.96b
	15.16±5.57A
	14.06±3.30A
	39.18±12.96B

	Mn
	334.42±93.94a
	203.29±105.35a
	457.31±353.74a
	282.87±43.38a
	3311.67±1795.23b
	350.27±267.44A
	282.87±43.38A
	3311.67±1795.23B

	Fe
	3456.59±1072.16b
	1562.35±396.79a
	1167.96±325.55a
	1108.67±310.71a
	1533.27±954.41a
	1869.77±1129.58B
	1108.67±310.71A
	1533.27±954.41AB

	Co
	10.82±2.05b
	3.69±3.12a
	3.00±2.26a
	3.06±1.74a
	23.87±4.41c
	5.20±4.14A
	3.06±1.74A
	23.87±4.41B

	Cu
	112.19±11.65a
	88.93±21.14a
	114.33±19.62a
	92.69±9.69a
	348.66±120.23b
	106.22±21.37A
	92.69±9.69A
	348.66±120.23B

	Zn
	701.10±98.29a
	1307.16±772.00b
	631.30±517.08a
	759.53±639.24a
	1063.14±317.10ab
	850.44±615.00A
	759.53±639.24A
	1063.14±317.10A

	Rb
	536.78±163.30a
	391.45±57.36a
	579.11±229.74a
	399.07±58.00a
	2686.63±865.21b
	512.40±192.08A
	399.07±58.00A
	2686.63±865.21B

	Sr
	223.69±21.81b
	74.10±34.29a
	85.01±34.50a
	84.17±54.46a
	278.50±40.65c
	117.17±70.43A
	84.17±54.46A
	278.50±40.65B

	Ba
	83.75±7.25c
	47.36±29.60b
	32.53±11.05ab
	24.59±5.40a
	188.87±41.43d
	50.03±27.42B
	24.59±5.40A
	188.87±41.43C

	Pb
	23.63±8.20a
	16.07±6.17a
	12.80±6.03a
	8.11±5.17a
	59.86±57.46b
	16.54±7.89A
	8.11±5.17A
	59.86±57.46B


Different superscript letter values (a-e and A-C) indicate a significant difference among groups (p＜0.05).

Table S2. Significance analysis of honey samples grouped by sample origin (region) and botanical type using one-way ANOVA, and comparison between Chinese honey and New Zealand honey using the two-sample Kolmogorov–Smirnov test.
	ANOVA (Honey Sample Groups)
	Two-Sample Kolmogorov–Smirnov Test
	ANOVA (Botanical Origin)

	
	Degree of Freedom
	F
	p-value
	Most Extreme Differences
	Kolmogorov-Smirnov Z
	Asymp.Sig.
(2-tailed)
	Degree of Freedom
	F
	p-value

	
	
	
	
	Absolute
	Positive
	Negative
	
	
	
	
	

	[bookmark: _Hlk166862639]δ15Nprotein (‰)
	4
	24.284 
	0.000 
	0.735 
	0.000 
	-0.735 
	2.647 
	0.000 
	2
	14.558
	<0.001

	δ13Cprotein (‰)
	4
	90.568 
	0.000 
	0.619 
	0.169 
	-0.619 
	2.230 
	0.000 
	2
	114.168
	<0.001

	[bookmark: OLE_LINK3]δ13Choney (‰)
	4
	69.963 
	0.000 
	0.575 
	0.304 
	-0.575 
	2.073 
	0.000 
	2
	124.699
	<0.001

	δ13CFru (g/100g)
	4
	63.586 
	0.000 
	0.565 
	0.304 
	-0.565 
	2.037 
	0.000 
	2
	127.255
	<0.001

	δ13CGlu (g/100g)
	4
	88.878 
	0.000 
	0.609 
	0.304 
	-0.609 
	2.194 
	0.000 
	2
	175.017
	<0.001

	% Nprotein (%)
	4
	39.242 
	0.000 
	0.957 
	0.000 
	-0.957 
	3.447 
	0.000 
	2
	79.133
	<0.001

	[bookmark: OLE_LINK1][bookmark: OLE_LINK5]% Cprotein (%)
	4
	22.143 
	0.000 
	0.899 
	0.899 
	-0.014 
	3.238 
	0.000 
	2
	19.885
	<0.001

	[bookmark: OLE_LINK2]% Choney (%)
	4
	52.004 
	0.000 
	0.870 
	0.870 
	0.000 
	3.134 
	0.000 
	2
	70.341
	<0.001

	Fructose
	4
	56.689 
	0.000 
	0.565 
	0.565 
	-0.058 
	2.037 
	0.000 
	2
	84.290
	<0.001

	[bookmark: OLE_LINK4]Glucose
	4
	89.356 
	0.000 
	0.638 
	0.638 
	-0.232 
	2.298 
	0.000 
	2
	167.423
	<0.001

	Na
	4
	134.305 
	0.000 
	0.899 
	0.899 
	0.000 
	3.238 
	0.000 
	2
	109.030
	<0.001

	Mg
	4
	36.966 
	0.000 
	0.730 
	0.730 
	0.000 
	2.631 
	0.000 
	2
	53.852
	<0.001

	Al
	4
	28.084 
	0.000 
	0.662 
	0.662 
	0.000 
	2.386 
	0.000 
	2
	40.092
	<0.001

	K
	4
	117.294 
	0.000 
	0.884 
	0.884 
	0.000 
	3.186 
	0.000 
	2
	128.083
	<0.001

	Ca
	4
	220.998 
	0.000 
	1.000 
	1.000 
	0.000 
	3.604 
	0.000 
	2
	248.137
	<0.001

	V
	4
	313.574 
	0.000 
	1.000 
	1.000 
	0.000 
	3.604 
	0.000 
	2
	291.931
	<0.001

	Cr
	4
	40.056 
	0.000 
	0.942 
	0.942 
	0.000 
	3.395 
	0.000 
	2
	75.986
	<0.001

	Mn
	4
	45.448 
	0.000 
	1.000 
	1.000 
	0.000 
	3.604 
	0.000 
	2
	91.750
	<0.001

	Fe
	4
	31.184 
	0.000 
	0.150 
	0.109 
	-0.150 
	0.542 
	0.931 
	2
	4.848
	0.010

	Co
	4
	172.623 
	0.000 
	1.000 
	1.000 
	0.000 
	3.604 
	0.000 
	2
	176.871
	<0.001

	Cu
	4
	68.395 
	0.000 
	1.000 
	1.000 
	0.000 
	3.604 
	0.000 
	2
	135.678
	<0.001

	Zn
	4
	4.361 
	0.003 
	0.609 
	0.609 
	-0.087 
	2.194 
	0.000 
	2
	1.316
	0.274

	Rb
	4
	100.784 
	0.000 
	1.000 
	1.000 
	0.000 
	3.604 
	0.000 
	2
	200.790
	<0.001

	Sr
	4
	88.853 
	0.000 
	0.894 
	0.894 
	0.000 
	3.222 
	0.000 
	2
	52.016
	<0.001

	Ba
	4
	152.249 
	0.000 
	0.986 
	0.986 
	0.000 
	3.552 
	0.000 
	2
	195.211
	<0.001

	Pb
	4
	11.320 
	0.000 
	0.783 
	0.783 
	0.000 
	2.820 
	0.000 
	2
	22.114
	<0.001







Table S3. Classification performance of Fisher-DA and ANN models for honey samples grouped by origin and botanical type based on stable isotopes, saccharides and elemental composition.
	[bookmark: _Hlk167208654]Model
	Sample Origin (Region)
	Predicted Origin (Original/Cross-Validated)
	Correctly Classified %
(Original/Cross-Validated)

	
	
	Beijing 
	Hebei
	Shandong
	Shaanxi
	New Zealand
	

	Fisher-DA
	A. Stable isotopes only

	
	Beijing (n=12)
	11/10
	1/2
	0/0
	0/0
	0/0
	91.7/83.3

	
	Hebei (n=14)
	1/1
	9/9
	4/4
	0/0
	0/0
	64.3/64.3

	
	Shandong (n=21)
	7/9
	2/2
	12/10
	0/0
	0/0
	57.1/47.6

	
	Shaanxi (n=22)
	1/1
	0/0
	0/0
	21/21
	0/0
	95.5/95.5

	
	New Zealand (n=16)
	1/1
	0/0
	0/0
	0/0
	15/15
	93.8/93.8

	
	
	
	
	
	
	total
	80.0/76.5

	
	
	
	
	
	
	
	

	
	B. Non-metallic elemental contents and saccharide contents only

	
	Beijing (n=12)
	11/10
	0/0
	0/1
	0/0
	1/1
	91.7/83.3

	
	Hebei (n=14)
	2/2
	11/11
	1/1
	0/0
	0/0
	78.6/78.6

	
	Shandong (n=21)
	0/0
	4/4
	17/17
	0/0
	0/0
	81.0/81.0

	
	Shaanxi (n=22)
	0/0
	0/0
	0/0
	22/21
	0/1
	100.0/95.5

	
	New Zealand (n=16)
	0/0
	0/0
	0/0
	0/0
	16/16
	100.0/100.0

	
	
	
	
	
	
	total
	90.6/88.2

	
	
	
	
	
	
	
	

	
	C. Mineral elemental compositions only

	
	Beijing (n=12)
	12/12
	0/0
	0/0
	0/0
	0/0
	100/100

	
	Hebei (n=14)
	0/1
	13/10
	1/3
	0/0
	0/0
	92.9/71.4

	
	Shandong (n=21)
	0/0
	2/3
	19/18
	0/0
	0/0
	90.5/85.7

	
	Shaanxi (n=22)
	0/0
	0/0
	0/0
	22/22
	0/0
	100.0/100.0

	
	New Zealand (n=16)
	0/0
	0/0
	0/0
	0/0
	16/16
	100.0/100.0

	
	
	
	
	
	
	total
	96.5/91.8

	
	
	
	
	
	
	
	

	
	D. Composite indicator

	
	Beijing (n=12)
	12/12
	0/0
	0/0
	0/0
	0/0
	100.0/100.0

	
	Hebei (n=14)
	0/1
	14/13
	0/0
	0/0
	0/0
	100.0/92.9

	
	Shandong (n=21)
	0/0
	0/3
	21/18
	0/0
	0/0
	100.0/85.7

	
	Shaanxi (n=22)
	0/0
	0/0
	0/0
	22/22
	0/0
	100.0/100.0

	
	New Zealand (n=16)
	0/0
	0/0
	0/0
	0/0
	16/16
	100.0/100.0

	
	
	
	
	
	
	total
	100.0/95.3

	
	
	
	
	
	
	
	

	
	
	China
	New Zealand
	

	
	China (n=69)
	69/69
	0/0
	100.0/100.0

	
	New Zealand (n=16)
	0/1
	16/15
	100.0/93.8

	
	
	
	total
	100.0/98.8

	
	Botanical Type
	Predicted Group (Original/Cross-Validated)
	Correctly Classified %
(Original/Cross-Validated)

	
	
	black locust honey
	rape honey
	manuka honey
	

	
	E. Stable isotopes, non-metallic elemental contents and saccharide contents only

	
	black locust honey (n=47)
	47/47
	0/0
	0/0
	100.0/100.0

	
	rape honey (n=22)
	0/0
	22/22
	0/0
	100.0/100.0

	
	manuka honey (n=16)
	0/0
	0/0
	16/16
	100.0/100.0

	
	
	
	
	total
	100.0/100.0

	
	F. Mineral elemental compositions only

	
	black locust honey (n=47)
	47/47
	0/0
	0/0
	100.0/100.0

	
	rape honey (n=22)
	0/0
	22/22
	0/0
	100.0/100.0

	
	manuka honey (n=16)
	0/0
	0/0
	16/16
	100.0/100.0

	
	
	
	
	total
	100.0/100.0

	
	G. Composite indicator

	
	black locust honey (n=47)
	47/47
	0/0
	0/0
	100.0/100.0

	
	rape honey (n=22)
	0/0
	22/22
	0/0
	100.0/100.0

	
	manuka honey (n=16)
	0/0
	0/1
	16/15
	100/93.8

	
	
	
	
	total
	100/98.8

	ANN
	Sample Origin (Region)

	
	H. Composite indicator (N=Training/Testing)

	
	
	Beijing 
	Hebei
	Shandong
	Shaanxi
	New Zealand
	Correctly Classified %
(Original/Cross-Validated)

	
	Beijing (n=12)
	9/3
	0/0
	0/0
	0/0
	0/0
	100.0/100.0

	
	Hebei (n=14)
	0/0
	7/7
	0/0
	0/0
	0/0
	100.0/100.0

	
	Shandong (n=21)
	0/0
	0/0
	16/5
	0/0
	0/0
	100.0/100.0

	
	Shaanxi (n=22)
	0/0
	0/0
	0/0
	17/5
	0/0
	100.0/100.0

	
	New Zealand (n=16)
	0/0
	0/0
	0/0
	0/0
	13/3
	100.0/100.0

	
	
	
	
	
	
	
	

	
	
	China
	New Zealand
	Correctly Classified %
(Original/Cross-Validated)

	
	China (n=69)
	45/24
	0/0
	100.0/100.0

	
	New Zealand (n=16)
	0/0
	12/4
	100.0/100.0

	
	Botanical Type

	
	I. Composite indicator (N=Training/Testing)

	
	
	black locust honey
	rape honey
	manuka honey
	

	
	black locust honey(n=47)
	36/11
	0
	0
	100.0/100.0

	
	rape honey(n=22)
	0
	17/5
	0
	100.0/100.0

	
	manuka honey(n=16)
	0
	0
	13/3
	100.0/100.0


Note: Beijing, Hebei, and Shandong samples correspond to black Locust honey; Shaanxi samples correspond to rape honey; New Zealand samples correspond to manuka honey. Therefore, the predicted groups represent honey sample groups defined by both region and botanical type rather than purely geographical origin.







